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THE MULTIPLE NATURE OF VITAMIN Be. CRITIQUE OF 
METHODS FOR THE DETERMINATION OF THE 
COMPLEX AND ITS COMPONENTS 

By DANIEL MELNICK, MELVIN HOCHBERG, HILLARD W. HIMES, 
AND BERNARD L. OSER 

(From the Food Research Laboratories, Inc., Long Island City, New York) 
(Received for publication. May 19, 1945) 

Snel] and collaborators (1-3) reported that amination or partial oxidation 
of pyridoxine yields compounds much more active for certain lactic acid 
bacteria than the original idtamin. Syntheses (4, 5) and microbiological 
assays (6) indicated that the active derivatives were pyridoxamine and 
pyridoxal. Hochberg, Melnick, and Oser (7) showed that pyridoxine is 
not the only compound in natural materials possessing vitamin Bs 'activity 
for the rat and for microorganisms. In certain products only a small 
portion of vitamin Be activity could be attributed to pyridoxine, whereas 
in others this compound was practically the only member of the vitamin Bj 
complex present. Snell (8) subsequently demonstrated by differential 
microbiological assaj’s that pyridoxamine and pyridoxal are responsible 
for a considerable portion of the total vitamin Be activity of some natural 
materials and that these compounds are equivalent to pyridoxine in activity 
for the rat (91 

Most oJ the chemical and microbiological methods for the determination 
of vitamin Bj were published before it was demonstrated that pyridoxine 
content and vitamin Be activity are not sjoionjunous. Pyridoxine has 
been employed as the reference standard in vitamin Be assays. In the light 
of these more recent findings it was considered worth while to investigate 
the more promising methods in order to ascertain their reliability for 
measuring pyrido.\ine itself as well as other compounds with similar bio- 
logical activity. Snell (8, 9) published the results of similar investigations 
with various microbiological assay procedures. However, some of his 
conclusions are open to question, particularly those dealing with the 
reliability of the differential microbiological techniques employed for 
fractionating the vitamin Be group into p 3 'rido.xine, pv'rido.xamine, and 
pj'ridoxal. In the present investigation phj'sical, chemical, microbiological, 
and biological assay procedures were emploj'’ed in a critical study of their 
applicabilitj' to pure sj'stems and to extracts of biological materials. From 
the data accumulated, it has become apparent that there are still other 
factors in the vitamin Be group in addition to pjTido.xine, pj'rido.xamine, 
and pj’rido.xal. 
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EXPERIMENTAL 

Vitamin Be and pyridoxine have been foimd in nature to be partly bound 
as complexes, resisting detection by microbiological (10, 11) and chemical 
(12, 7) assays. The rat is able to utilize the bound as well as the free forms 
(11, 7). Whereas some authors (12, 11, 7) have advocated strong acid 
hydrolysis for the liberation of the bound vitamin, one group of investi- 
gators (10) recommended solutions of low acidity for this purpose. In the 
present report studies were made of the stability of pyridoxine, pyridox- 
amine, and pyridoxal, and of other factors in the naturally occurring 
vitamin Be complex, when subjected to a variety of hydrolytic procedures.^ 
These involved autoclaiing the materials at 15 pounds pressure in 0.055 
N HjSOi (10), autoclaving in 2 n H2SO4 (11), and suspending the prepara- 
tions in 4 N HCl at 100° (7). 



Fig. 1. Ultraviolet absorption curves of pyridoxine and derivatives in solutions 
at different pH values. 


Spcciropholomclric SUidies — Investigators at the hlerck laboratories 
(13, 14) have reported that pyridoxine shows a characteristic absorption 
spectrum which changes markedly with variations in pH. In Fig. 1 are 
presented the ultraviolet absorption curves" for pyridoxine, pyridoxal, and 
pvridoxamine solutions at three different hydrogen ion concentrations; 
the values plotted arc those for the free bases. The molecular weights of 
these compounds are practically the same. The data for pyridoxine are in 
excellent agreement nith those published by Stiller and associates (14). 

J We arc indebted to Dr. Karl Folkcrs, Merck and Company, Inc., Rahway, for 
EupplyioE os with penerou'! quantities of pyridox.amine dihydrochloride and pyridoxal 
hvdrochloride. 

" 5 A Beckman Epeetrophotometer (15) with iiydropen di«chnrpo tube and quartr 
acccESories was used for the me.a.surcmcnts 
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Each of the three compounds in acid solution (pH 2.1) exhibits a single 
absorption maximum, pyridoxamine at 292 m/i, pyridoxal and pyridoxine 
at 286 and 288 m;i, respectively. The “acid” band in each case is absent 


Table I 

Uliraviolet Ahsorplion Data on Pyridoxine and Related Compounds Subjected to Various 

Hydrolytic Procedures* 


Compoundf 

Hydrolytic procedure 

Absorp- 

tion 

^icm , 


Extinction ratios (•fi’jnax — tOQ) at 

maxi- 

mum 

maxi- 

mum 

300 

nvi 

310 

m/i 

315 

m/i 

320 

m/i 

325 

m/i 

330 

m/i 

340 

m/i 

350 

m/i 

Pyridoxine 

None 

325 

438 

n 

0 70 

0 S 6 

0 97 

1 00 

0 94 


0.15 


0 055 N HjSOi, 

325 

450 


0 72 

0 87 

0 98 

1 00 

0 93 

0 54 

ftMW 


15 lbs. pressure, 
90 min. 

4 N HCl, 100”, 

325 

469 

1 

0 71 

0 87 

0.97 

1 

0 93 

0 54 

0 19 


60 min. 

2 NH 2 SO,, 15 lbs. 

325 

487 

H 

0 75 

0 88 

0 97 


0 93 

0 56 


Pyridoxamine 

pressure, 30 
min. 

None 

325 

454 

1 

0 69 

0 85 

0 97 

1 

0 96 

0 55 

0 16 


0 055 N H 2 SO 4 , 

325 

461 


0 73 

0 86 

0 97 


0 95 

0 57 

0 20 


15 lbs. pressure, 
90 min. 

4 N HCl, 100”, 

325 

504 

1 


0 85 

0.96 

1 

0.94 

0 59 

i 


60 min. 

2 N H 2 SO,, 15 lbs. 

325 

512 



0 84 

0 95 


0 95 


0 23 

Pyridoxal 

pressure, 30 
min 

None 

316 

530 

1 

0 92 

■ 

0 97 

1 

0.56 

0 13 

0 02 


0 055 N H 2 SO,, 

316 

542 

IM(M 

0 92 


0 97 

CO 

o 

0 63 

0 16 

[iMIgfl 


15 lbs. pressure, 
90 min 

4 N HCl, 100”, 

316 

633 

1 

1 

1 

0 97 

1 

0 62 

■ 

0 13 


60 min. 

2 NH 2 SO 4 , 15 lbs. 

316 

591 

M 

H 

1 


1 

0 58 

0 23 

0 OS 


pressure, 30 
min. 












* The solutions were buffered at pH 6 75for thespcctrophotometric measurements 
t The molecular w eights of the free bases are practically the same, allowing direct 
comparisons of the data. 


at pH 6.75 but two other maxima are found; in the case of pyridoxine these 
are at 254 and 325 m/i. Pyrido.xal shows absorption ma.xima at 251 and 
316 riifi, while pyridoxamine has maxima at 250 and 325 mfi, the absorption 
cun'e in the latter region closely duplicating that of pyridoxine. At the 
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more alkaline pH of 10.2, the compounds show increased light absorption 
at the shorter wave-length and decreased absorption in the near ultraviolet. 
The absorption bands in all cases exhibit shifts toward the shorter wave- 
length. Thus, the alkaline solutions of both pyridoxine and pyridoxamine 
show absorption maxima at 246 and 311 ma, while for pjoidoxal the maxima 
are at 237 and 301 m^. The absorption data demonstrate that both pyri- 
doxal and pyridoxamine show features of amphoterism similar to those 
exhibited by pyridoxine (14, 16, 17). 

In Table I are presented ultramolet absorption data for pyridoxine, pyri- 
doxamine, and pyridoxal before and after the compounds were subjected 
to the hydrolji-ic procedures described above. Readings of the solutions 
buffered at pH 6.75 were taken only in the range of 300 to 350 mu. This 
portion of the absorption curvm has been shown to be responsive to pyri- 
doxine destruction in studies on the stability of the vitamin to light (18). 
In Table I are listed the extinction coefficients (JSi im.) for the free bases 
at their respective absorption maxima and the significant extinction ratios, 
which define the shape of the absorption curves. 

The results show that heating pyridoxine and related compounds in 
icid solutions produces small but appreciable increases in the extinction 
loefficients. There also occurs a “flaring out” of the absorption curves, 
iiese changes are somewhat greater when the compounds are treated nnth 
le stronger acid solutions. 

Chemical Studies — In Table II are presented the results of chemical 
inalyses of the mtamin solutions before and after hydrolysis. The colori- 
netric method (7) was used with and without the borate blank. The re- 
mits are expressed in terms of the free bases. 

It nill be noted that by the published procedure pyridoxamine is about 
31 per cent as reactive as pyridoxine on an equimolar basis, whereas pyri- 
doxal is even less, about 16 per cent. In the absence of the borate, both 
derivatives are about half as chromogcnic as pyridoxine. No measurable 
destniction of any of these compounds occurs as a result of the heat treat- 
ments. 

Inasmuch as the modifications in the pyridoxine formula are in the 4- 
hydroxymethyl group, it would seem that no coupling should occur between 
borate and pure pyridoxal or pyridoxamine (16). Conclusive evidence has 
been presented for the purity of the pyridoxine derivatives (5). It appears, 
therefore, that pyridoxal c.>dsts in solution as the internal hemiacetal or as 
the hydrate, thereby furnishing a hydroxyl group adjacent to the phenolic 
group. Such a relationship has been shovm (16) to be required for the 
form.ation of the borate complex. In the ca-^c of pyridoxamine the partial 
coupling with borate undoubtedly occurs through the amino group (19)- 
The formation of analogous cyclic complexes between a-alkanolamincs and 
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lead tetraacetate is favored when the hydroxyl and amine groups are on 
adjacent carbons (20). 

In Table III are shown the results of experiments demonstrating an 
adaptation of the colorimetric procedure to the specific determination of 
pyridoxine in the presence of pyridoxal and pyridoxamine. The changes 
from the published procedure consisted in reducing the ammonia solution 
in the buffer from 160 to 40 ml. per liter and extending the reaction time 
from 1 to 15 minutes. The data indicate that pyridoxal and pyridoxamine 


Table II 

Relative Values Obtained by Colorimetric Procedure for Pyridoxine and Related Com- 
pounds Subjected to Various Hydrolytic Procedures* , 


Compound 

Hydrolytic procedure 

Res 

Published 

procedure 

ults 

VeoctdtiTc 
without 
borate blank 

Pyrido.xine 

None 

1.00 

1.00 


0.055 N HiSOt, 15 lbs. pressure, 90 min. 

0.99 



4 N HCl, 100°, 60 min. 

1.04 



2 " HjSO), IS lbs. pressure, 30 min. 

0.94 


Pyridoxamine 

None 

0.30 

0.48 


0.055 N HjSOt, 15 lbs. pressure, 90 min. 

0.31 

0.47 


4 N HCl, 100°, 60 min. 

0.30 

0.47 


2 “ HsSOt, 15 lbs. pressure, 30 min. 

0.31 

0.53 

Pyridoxal 

None 

0.16 

0.43 


0.055 N HjSO<, 15 lbs. pressure, 90 min. 

0.13 

0.48 


4 N HCl, 100°, 60 min. 

0.18 

0.50 


2 “ HjSO(, 15 lbs. pressure, .30 min. 

0.18 

0.51 


* Comparisons are made against the chromogenic activity of untreated pyridoxine 
set at unity. The molecular weights of the free bases are practically the same. 


react with the chloroimide reagent to yield a blue pigment but, unlike 
pyridoxine, the reactions are not inhibited bj' borate. When all three 
compounds are present, the total photometric density of blue pigment 
formed is equal to the sum of the individual photometric densities. The 
difference in the photometric density, in the absence and presence of borate, 
is due solely to the contribution of pyridoxine to the reaction. 

The application of the colorimetric procedure to three samples of yeast 
powder is also illustrated in Table III. Yeast has been reported to contain 
little pyridoxine as such (7, 8), and this is substantiated by the small 
decreases in the color intensity occurring as a result of the added borate. 
Testsof aliquots of the solutions, to which knoivn increments of p^nidoxine 
have been added (internal standard procedure), indicate that the small 
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values for pyridoxine naturally present are not due to interference in the 
color development; the increase in photometric density due to the added 
10 7 of pyridoxine approximates the value for the reaction of the vitamin 
in pure solution. 

The values in Table III are based on readings 15 minutes after addition 
of the chloroimide reagent. However, readings were actually taken at 

Table III 


Adaplalion of Colorimetric Procedure for Determination of Pyridoxine in Presence of 
Pyridoxal and Pyridoxamine 


Test extract per tube 

Photometric density 

Pyridoxine 

hydro- 

chloride 

equivalent 

Borate 

blank* 

Testf 

Test 

minus 

blank 

Increment 
per 10 y 
pyridoxine 
hydro- 
chloride 

(a) S yX pyridoxal hydrochloride 


■ 

■ 


7 

0.4 

( 6 ) 5.86 yX pyridoxamine dihydrochloride 

0 066 


mm 



(c) 10 7 pyridoxine hydrochloride 

larriiT 


0 214 

0.214 

10.0 

(d) 20 “ 

in 


0.419 

0.210 

20.0 

'e) a + h 

0 308 


■tjiiei 


0.7 

f) " + •' + c 

0 320 

0.548 

0 228 

0 228 

10.7 

a) "+" + d . 

0.332 

0.759 

0.427 

0.214 

20 2 

P) Test solution of Yeast Powder A 

0 2-t9 


1 Q 


0 6 

f) 5 -h 10 7 pyridoxine hydrochloride 

0.258 


1 m 



;■) Test solution of Yeast Powder B 

0.267 


1 ^ 


1.8 

k) j -!- 10 7 pyridoxine hydrochloride 

0.277 


1 m 

0 195 


1) Test solution of Yeast Powder C 

0.238 


1 


0 6 

^m) I -h 10 7 pyridoxine hydrochlonde 

0 246 

0.4-!9| 


0 199 



* For these readings, the colorimeter was set at 100 per cent transmission with a 
tube containing 5 ml. of isopropanol, I ml. of Water, 2 ml. of ammonia-ammonium 
chloride solution, and 1 ml. of boric acid, 15 minutes after the addition of 1 ml. of 
the chloroimide reagent. 

t The colorimeter was set at 100 per cent transmission with a tube containing the 
same solution as above, except that water was substituted for the boric acid. 

X Molar equivalents of 5 7 of pyridoxine. 

1 minute intervals in order to plot the course of the reactions. It was ap- 
parent from the data that during the first 10 minutes some borate coupling 
occurs wth pyrido.xamine and pyridoxal. Although these reactions are 
rapid, they appear to be more easilj' reversed at the lower pH selected for 
the colorimetric reaction. Thas, after a suitable period, viz. 15 minutes, 
the reaction of pyridoxal and pyridoxamine xrith chloroimide causes com- 
plete dissociation of their borate complexes. In the case of pyridoxine no 
appreciable dissociation of the borate complex occurs. 
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Microbiological Studies — The results of microbiological assays of solutions 
of pyiidoxine and the related compounds, before and after hydrolysis, are 
presented in Table Two species of yeast were employed as the test 
microorganisms, Saccharomyces cerevisiae (21, 11) and£I. carlsbergensis (10). 
All tubes were incubated at 30° for 18 hours and then read turbidhnetrically. 
Like the colorimetric data, values are reported in terms of free bases, and 
comparisons are made with the potency of untreated pyridoxine set at 
unity. The results indicate that none of the compounds is destroyed as a 

Table IV 


Relative Microbiological Activity of Pyridoxine and Related Compounds Subjected to 
Various Hydrolytic Procedures* 


1 

Compound 

Hydrolytic procedure 

Results with 

Saccha- 

romyccs 

cererisiae 

test organism 

Saccka- 

romycez 

carli^ 

hersensis 

P3'ridoxine 

None 

1.00 

1.00 


0.055 N HjSOi, 15 lbs. pressure, 90 min. 

0.95 

0.95 


4 N HCl, 100°, 60 min. 

1.01 

0.99 


2 “ HjSOi, 15 lbs. pressure, 30 min. 

1.02 

1.00 

Pyridoxamine 

None 

0.38 

0.89 


0.055 N HsSOi, 15 lbs. pressure, 90 min. 

0.37 

0.85 


4 N HCl, 100°, 60 min. 

0.44 

0.86 


2 “ HiSOi, 15 lbs. pressure, 30 min. 

0.40 

0.83 

Pyridoxal 

None 

0.44 

0.97 


0.055 N HsSOi, 15 lbs. pressure, 90 min. 

0.48 

0.91 


4 N HCl, 100°, 60 min. 

0.45 

0.90 


2 “ H;SO<, 15 lbs. pressure, 30 min. 

0.45 

1.01 


* Comparisons are made against the potency of untreated pyrido.xine set at unity. 
The molecular weights of the free bases are practically the same. 


result of the heat treatments. With S. carlsbergensis the three compounds 
show comparable activit 3 ^ However, vith S. cerevisiae pj'rido.xamine 
e.xhibits only 40 per cent of the acthity of p 3 nidoxine, while p 3 'ridoxal has 
46 per cent activity. 

The microbiological data, as well as the chemical and spectrophotometric 
results, indicate that p3’Tidoxine, p3rridoxal, and p3'Tidoxamine are not 
destroyed by any of the hydrol 3 ’t.ic procedures emplo 3 'ed. However, in the 
preparation of test extracts for assa 3 ’’, it is essential that an appropriate 
h3'drolytic method be emplo 3 ''ed, since no general procedure can be sug- 
gested at the present time. This conclusion is based upon microbiological 
(10) and multiple level rat (22) assa 3 's conducted on various natural prod- 
ucts. Illustrative data are presented in Table . In the case of the rice 
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bran concentrate, with increasing concentration of acid increasing pj’ri- 
doxine values were obtained, the maximiim value agreeing with the 
biological estimate.® This has been demonstrated to be due simply to the 
liberation of bound pjTidoxine (12, 11, 7); rice bran contains insignificant 
quantities of the other members of the Bj complex (7, 8). On the other 
hand, when the more effective hj'drolytic procedures are employed in the 
assay' of yeast, progressiveh’' smaller values for vitamin Be content are 
obtained. Only the value obtained by the weakest of the hydrolytic pro- 
cedures approximates the bioassay estimate. This would indicate the 
presence in yeast of a factor which exhibits ■vitamin B® activity but is 
destro 3 "ed bj' strong acid hj'drol 5 'sis. 

T.\ble V 


I'arialions in Tilamin Be Contcnl' of Biological Materials Dependent upon Selection 

of Hydrolytic Procedure 


Hydfol>tic procedure 

Microbiologicalf values on 

Rice bran 
concentrate 

Yeast A 

1.055 X H-SO^, 15 lbs. pressure, 90 min. . 

1.44 " “ 15 “ “ 90 “ . .. 

0 “ “ 15 “ “ 30 “ . . 

0 “ HCl, 100°, 60 min... 

Xone 

7 frr (m \ 

2S 

95 

115 

112 

7 tc' trt. 

25 

IS 

10 

8 

Rat assay \aluest 

110 

28 


• Values expressed as pyrido\jno hydrochloride. 

t Obtained by using Saccharomyces carlsbergcnsis as the test organism (10). 

t Conducted according to the method of Dimick and Schreffler (22) in which both 
growth response and degree of cure of the rat dermatitis arc taken into considcratif"' 

The data in Table VI demonstrate that the labile ^^ta^un Be factor in 
yeast is not ptiidoxal or pjTidoxamine. Theoretical recoveries of the 
added ptTido.xine derivatives, i.c. nithin the precision of the microbiological 
assay, are obtained regardless of which hj'drolytic procedure is employed 
in the preliminarj' extraction of the j’east powders. 

The results of differential assays on three j-east samples are presentetl 
in Table VII. The chemical method was the present adaptation of the 
colorimetric procedure (7). For measuring the total idtamin B« activity 
of the In-drolyzod sample the j-e-ost (Saccharomijces carhhergensis) growth 

I Increasing further the concentration of the acid emploj cd for the hydrolysis give 
the saroc vain*- for pyridoxine. 
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method of Atkin and associates (10) was employed. The microbiological 
assays with Streptococcus faecahs R and Lactobacillus casei were conducted* 
according to the methods described by Snell and Rannefeld (9) involving 
the aseptic addition of the hydrolyzed samples to previously sterilized 
media (8). Pyridoxine is relatively inactive for both lactic acid bacteria; 
pyridoxamine exhibits a negligible stimulatory effect on Lactobacillus 
easel, while pyridoxal is effective; both pyridoxamine and pyridoxal are 
active for Streptococcus faecalis (8), the latter compoimd to a lesser e,\tent, 
exhibiting about 36 per cent of the activity of pyridoxamine. 

Tabu: VI 


Ettdence for Presence of Other Factors in Vitamin Bt Complex in Brewers' Yeast* 


Sample 

Microbiologjcalt values on h>drol>zed 
samples 

2 s HiSO*. IS lbs 
pressure, 30 min 

0 055 K HiSOi, 15 
lbs pressure, 90 
mm 


y per (m 

T per im 

A 

10 

25 

B 

23 

38 

1 00 gm Sample A + 34 -y pj ridoxine HCl 

43 

59 

1 00 " “ “ + 20 “ pj ridoxal HCl + 20 y 

pjridoxamine 2HClt 

38 

59 

1 00 gm Sample B + 34 y pyridoxine HCl 

57 

70 

1 00 “ “ “ 4- 20 “ pyridoxal HCl -f- 20 y 

pjridoxpmine 2HClt 

62 

72 


* All values .ire expressed as pyridoxine hydrochloride 
t Obtained by using Saccharomyces carlshergensis as the test organism (10) 
t The combined increment of pyridoxal hydrochloride and pyridoxamine dihj dro- 
chloride should be equix alent in microbiological response to 34 y of pj ridoxine 
hydrochloride 

The data summarized in Table VII indicate that only a small fraction of 
the vitamin Be in yeast is pyridoxine. The microbiological x'alues obtained 
only with the acid-hydrolyzed (2 n HjSOi) Sample B are confirmatorj' of 
those reported by Snell (8) for yeast. In the case of the other two samples 
(also hydrolyzed with 2 n H;SOi), the idtamin Be activities as estimated 
from the assays Rith the lactic acid bacteria are far in excess of the esti- 

' The folic acid preparations added to the basal medium were xitamin Be (231 and 
Stokstad’s crystalline material isolated from lix'er (24) Ve are indebted to Dr O 
D Bird, Parke, Davis and Company, Detroit, for furnishing us with the former com 
pound and to Dr E L R Stokstad, the Lederle Laboratories, Inc , Pearl Rn er, for 
the latter material 
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mates derived from the yeast growth assaj's. This seemingly paradoxical 
finding is comparable to the results obtained by Snell ( 8 ) in assays of liver 
extract. WTien the tests are conducted on samples prepared by 0.055 N 
H 2 SO 4 hydrolysis, greatly increased microbiological activity for the lactic 
acid bacteria is observed over that noted in the yeast gro\\d;h assays. The 
known activity of pyridoxine, pyridoxal, and pyridoxamine for the test 
microorganisms and the stability of these compounds exclude their responsi- 
bility for the enhanced microbiological growth.* The labile factor in the 
vitamin Be complex, however, behaves like the pyridoxine derivatives in 
that it exhibits acthdty comparable to pyridoxine in yeast and rat growth 
assays. Consequently, the validity of the differential microbiological 

Table VII 


Differential Assaye* of Yeast Samples for Vitamin Bt after Autoclave Extraction inth 
2 K and 0 055 y Sulfuric Acid 


S&mple 

Chcmicalt 

procedure 

Saccharemy cts 
earlshtrttnstiX 

Streptococcus 

/aeceltsi 

Laetobactllus easet | 





2 K HiSOi 

|o 055 s HiSOi 

A 

3 

1 

10 


17 

58 

1 1 9 


B 

11 

23 


20 

55 

2 8 


C 

2 

7 

17 1 

12 

24 

1 0 

11 


• All values arc expressed as micrograms per gm. of pyridoxine hydrochloride on 
an equimolar basis 

t Pj'ndoxine hjdrochlondc standard; present adaptation (see Table III) of 
colorimetric method (7) to the specific measurement of pyridoxine. 

t Pyridoxine hydrochloride standard. 

§ Pj ridoxamine dihj drochlonde standard 

II Pyndoxal hydrochloride standard 

assay technique (8) for fractionating the vitamin Bt group is open to 
question, since it is predicated upon the assumption that the sole members 
of the complex are pyridoxfine, pjTidoxal, and pyridoxamine. Howe'er, 
this does not detract from the importance of the differential assays in 
demonstrating (8) the pre'ence of pyridoxal and pj'ridoxamine in biological 
materials 

* Thj mine can replace folic acid in the Lactobacillus casci and Streptococcus faecalis 
as<; 3 \s (25, 20) Since this compound is not included in the present basal medium, 
tests were conducted in order to determine whether the high xalues obtained b' the 
lactic acid bacteria assa>s might be due to the presence of the pirimidine It was 
found that this compound could not replace the pjndoxinc demati'cs The tl>- 
minc "as kindh supplied bj Dr J. L Stokes, Merck and Companj , Inc , Hatiwa}. 
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DISCUSSION 

The spectrophotometric, chemical, and microbiological data reported 
in this paper demonstrate that pyridoxine, pyridoxamine, and pyridoxal 
are all stable to the various hydrolytic procedures employed in preparing 
biological materials for assay. Cunningham and Snell (27) have recently 
found the derivatives to be as stable as pyridoxine when subjected to the 
same series of teste employed in studies with the latter compound (18). 
In the present study small increases were noted in the extinction coefiBciente 
(^icm.) at the respective absorption maxima and slight changes in the 
absorption curves of the acid-treated compounds; these are regarded as of 
no significance, since they are not reflected in either the chemical or micro- 
biological assays. 

The ultraviolet absorption curves show no maidma common to all three 
compounds. However, if readings are taken at 325 m^i of solutions at pH 
6.75, close estimates of the total amount of the compounds present rnay be 
obtained, despite variations in their relative concentrations. At that wave- 
length there is an absorption maximum common to pyridoxine and pyridox- 
amine, and, while pyridoxal absorbs approximately 20 per cent more light 
at its 315 mg maximum, at 325 mg all three compounds absorb to the same 
extent. The ot. values at 325 mg in pure solution at pH 6.75 all approxi- 
mate 440 ±1.5 per cent, expressed in terms of the free bases. Spectropho- 
tometric analyses, of course, cannot be applied unless the test solutions 
are free from irrelevant light-absorbing materials, or unless blank solu- 
tions containing none of these vitamin Be factors are available for evalu- 
ating the interference. 

By the chemical method as originally published (7) pyridoxamine and 
pyrido.xal are measured to a small e.xtent. As here described, it is readily 
adaptable to the specific measurement of pyridoxine in pure systems con- 
taining varying proportions of pyridoxal and pyridoxamine. Neverthe- 
less, precautions must be exercised in inteipreting the results obtained in 
testing biological materials specifically for pyridoxine content, since a 
difference method is involved. Only when a major proportion of the 
total ritamin Be activity is due to pyrido.xine can precise values be ob- 
tained. Metabolically active tissues, such as yeast, contain only s m a ll 
amounts of pyrido.xine (S), so that results obtained by chemical assays of 
these materials can be regarded only as approximations. 

The objections to the earlier chemical procedures vith phenol reagents 
(28, 29) have been presented (7). Despite these criticisms and the fact 
that papers have appeared demonstrating the multiple nature of vitamin 
Bs (6, 7), another such non-specific procedure (30) has just been published 
which fails to take into account errors inherent in the assay techmque and 
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the progress made in the fractionation of the vitamin Be group. Pyridox- 
ine and vitamin Be are not s}monymous (6, 7). 

Microbiological methods based on the use of Saccharomyces ccrevisiae 
(21, 11), even after provisions are made for the hydrolysis of the bound 
forms of vitamin Be (11), give minimum values for the over-all vitamin Be 
activity, since pyridoxal and pyridoxamine are both less active than pyri- 
doxine for this species of yeast. These results are confirmatory of those 
reported by Snell and Rannefeld (9) and explain our previous observations 
(7) that microbiological assays with Saccharomyces ceremsiac tend to ap- 
proach but never exceed the bioassay estimates. 

Of the methods here studied for the determination of vitamin Be in bio- 
logical materials, the most reliable is the microbiological procedure of Atkin 
and associates (10) with Saccharomyces carlshergensis. All members of the 
complex, those known and those still unidentified, show activity comparable 
to that of pyridoxine for both this organism and the rat. However, greater 
emphasis must be directed toward the proper preparation of the sample, 
i.e. for the hydrolysis of bound vitamin Be, before a reliable value can be 
obtained. This point has been largely neglected despite its mention by 
Atkin and collaborators (10) in describing the details of their procedure. 
Some materials must be subjected to strong acid hydrolysis such as auto- 
claxdng in 2.0 n sulfuric acid solution (11), while others require mild hydro- 
lytic procedures such as 0.055 N sulfuric acid (10). Enzymic digestion pro- 
cedures likewise must be critically evaluaxed. Clarase digestion has been 
demonstrated to be effective in liberating bound vitamin B? in yeast (10) but 
unsatisfactory in testing rice bran t7). The lower values for vitamin Bj, 
following the strong acid hydrolysis of some samples, are not due to the 
de-stniction of pjoidoxine, pyrido.xamine, or pjTidoxal but of an unidenti- 
fied labile factor. That this compound should be included in mc-asurc- 
ments of adtamin Bt activity is borne out by the observation that it pos- 
sesse.s activity (expressed in term.s of pjTido.xine) for the rat comparable 
to that for Saccharomyces carlshergensis. However, it is considerably more 
active than the pyridoxine derivatives, pyridoxal and pyridoxamine, for 
the lactic acid bacteria. Because of the presence of this factor in biological 
materials and because it can be responsible for exaggerated microbiological 
growth when the lactic acid bacteria are employed for assay purposes, the 
differential microbiological assay technique (8) can lead to erroneous con- 
clusions when employed in fractionating the vitamin Bs group. 

The one disadvantage in the microbiological assay procedure with Sac- 
charomyces carlshergensis is its somewhat low degree of precision. On the 
average, values may be regarded to be reproducible to within 10 per cent, 
but frequently larger deviations are encountered of the order of magnitude 
of 15 per cent. The precision of the chemical procedure (7) is a definite 
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asset in the analysis of pharmaceutical products which are known to contain 
only pyridoxine. The method is rapid, simple, and reproducible to mthin 
2 per cent. Inasmuch as pyridoxine is the sole member of the vitamin Be 
complex- added in such preparations, the chemical method can be used as 
originally published (7). The modification described in this report is not 
as precise or as sensitive. 


SUMMARY 

Ultra\dolet absorption curves from 220 to 350 mji are presented for pure 
solutions of pyridoxine, pyridoxamine, and pyridoxal at widely separated 
pH values. These indicate that pyridoxal and pyridoxamine show features 
of amphoterism similar to those exhibited by pyridoxine. A spectrophoto- 
metric procedure is described for testing pure solutions in which the three 
compounds vary in relative concentration to each other. 

-in adaptation of the colorimetric procedure (simply by reducing the pH 
of the reaction and extending the reaction time) allows specific determina- 
tion of pyridoxine in the presence of the derivatives. Pyridoxine couples 
with borate and is thereby rendered non-reactive, whereas pyridoxal and 
pyridoxamine still react with the chloroimide reagent. 

Microbiological assays with Sacckaromyces cereidsiae underestimate 
vitamin Be content because the biologically active pyrido.xine derivatives 
are appreciably less stimulatory for this organism. These compounds, 
however, show comparable activity for Sacckaromyces carlshergensis and 
for the rat. 

The spectrophotometric, chemical, and microbiological data demonstrate 
that pyridoxine, pyridoxal, and pyridoxamine are all stable to the various 
hydrolytic procedures employed for the preparation of samples for assay. 

Evidence is brought forth for the presence of an unidentified labile factor 
in yeast winch possesses comparable vitamin Be activity for the rat and for 
Sacckaromyces carlshergensis. Because of the natural occiurence of this 
factor and because some materials require heating in strong acid solutions 
for liberating bound vitamin Be, each type of product should be critically 
studied for selection of an appropriate method for hydrolysis. 

The most reliable of the procedures studied for the determination of 
vitamin Be in natural materials is the microbiological method with Saccharo- 
myces carlshergensis. However, for the assay of pharmaceutical prepara- 
tions in which pyridoxine is the only member of the ritamin Be complex 
present, the simplicity, rapidity, and precision of the chemical procedure 
(as originally published) make it the method of choice. 

The limitations of the differential microbiological assay technique for 
fractionating the vitamin Be group, depending upon the responses obtained 
in assaying biological materials with Sacckaromyces carlshergensis, Sircplo- 
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COCCUS faecalis, and Lactobacillus casei, are apparent, since the procedure is 
based upon the assumption that the sole members of the complex are 
pyridoxine, pyridoxal, and pyridoxamine. 

The authors ivish to express their appreciation to Dr. Nathan Weiner of 
Endo Products, Inc., Richmond Hill, New York, for helpful suggestions in 
the course of these investigations. 
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FRACTIONATION OF HOG ADRENAL CORTEX EXTRACT 

By MARVIN H. KUKENGA. JOHN W. NELSON, STANLEY C. LYSTER, and 

DWIGHT J. INGLE 

(From the Research Laboratories, The Upjohn Company, Kalamazoo) 
(Received for pitblication. May 16, 1945) 

In a previous report from this laboratory (1) the preparation and com- 
parative physiologic activities of beef, hog, and sheep adrenal cortex ex- 
tracts M'ere described. By both the rat surviv^al-growth test (2) and the 
work performance' test (3) it was found that the hog adrenal extract was 
considerably more potent than either beef or sheep adrenal extracts. Be- 
cause of the high activity by the work test, which is believed to be specific 
for the assay of the 11-oxygenated steroids that affect carbohydrate metab- 
olism, it was concluded that the higher activity was due to increased 
amounts of 11-oxygenated steroids in the hog extract. This comparative^ 
high activity has subsequently been confirmed by Olson ei al. (4), who found 
a hog adrenal extract to be considerably more potent than several beef 
adrenal extracts in stimulating glycogen deposition in fasted adrenalec- 
tomized rats. 

This paper is concerned with the further fractionation studies carried 
out with the hog adrenal cortex concentrates. The results substantiate 
our earlier conclusions, based on the data obtained \vith the work perform- 
ance test, that the increased activity of these extracts is due principally to 
a much higher concentration of the 1 1-hydroxylated steroids. The crystal- 
line adrenal cortex hormones, which are most active in influencing carbohy- 
drate metabolism, can be obtained in considerably greater quantitj^ from 
hog than from beef adrenal tissue. 

Bj’’ fractionation between benzene and water (5) the more water-soluble 
CjiOe compounds were separated from the C;i04 compounds which remain 
in the benzene. By exhaustive crystallization of the more water-soluble 
fractions only biologically active CuOs .compounds were obtained. By 
removal of these Ob compounds the actirnty by the work test was reduced, 
^vhereas by the survival-gronTh test it was increased. There is thus ob- 
tained from hog gland a biologically highly active non-crj’stalline fraction, 
the isolation of which has prerdously been described from beef gland 
(6-S). 

EXPERDUENTAI, 

As starting material for this investigation the fat-free biologicallj' active 
fraction previously described was used. The acidic and basic materials 

'1 unit is the equivalent in biological activity of 0.2 mg. of ll-dehydro-lz-hy- 
dro.vj’corticosterone. 
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were removed without loss of activity (1). 25.88 gm., obtained from 900 
kilos of hog adrenal glands, were fractionated between benzene and water. 
The ethyl acetate solution was concentrated in vacuo below 50° and the 
residue was dissolved in 300 cc. of methanol. 500 cc. of water were added 
and an aqueous suspension of the biologically active material was obtained 
by remo\ing the methanol in vacuo. This aqueous residue of 350 cc. was 
extracted with eight 400 cc. portions of benzene. A resinous precipitate 
was obtained by concentration of the benzene solution in vacuo to 400 cc. 
This solution plus the precipitate was extracted mth eight 400 cc. portions 
of water at 40°. The material insoluble in benzene and water was sepa- 
rated, finally, by decanting and the aqueous solution of about 3 liters was 
concentrated in vacuo to 400 cc., whereupon a crystalline deposit was ob- 
tained. This was removed by filtration and the water solution again 
extracted with eight 400 cc. portions of benzene. Concentration of the 
benzene again jdelded a small quantity of resin. The benzene concentrate 
plus resin was treated as above and this procedure continued until, after the 
fourth distribution, no more ciystalline or resinous precipitates were ob- 
tained by concentration of either benzene or water. The five fractions 
thus obtained were assaj'ed and the results are given in the accompanying 
diagram. By' the work test 34,600 units, or 81 per cent of the total activity 
in the starting material, were recovered in the five fractions. As measured 
by the survival-growth test, the total amount of activity recovered is prac- 
tically the same; namely, 82 per cent. 

Fraction II is that material which was extracted from benzene uith water 
and from water with benzene. To test whether a biologically more highly 
active fraction could be prepared, ten more benzene distributions were 
carried out and Fractions "iT, VII, and ^^II were obtained. As is seen from 
the diagram, 1.0 gm. of material remained in the benzene after extraction 
with water. There was, however, no appreciable further concentration of 
acthdty in the intermediate fraction. All the activity by the work test 
was found in Fractions to VUI, obtained from Fraction II, whereas 74 
per cent of the activity was recovered by the survival-growth test. 

Because of a tendency toward increased nitrogen concentration in the 
last three aqueous residues of Fraction VUI, these were kept separate. 
Tlie remaining 1.74 gm. of this most water-soluble material were crystal- 
lized from chloroform and jdeldcd 0.150 gm. of crystalline material. Frac- 
tions Fi* and V were likewise crystallized from chloroform and yielded 
respectively 0.375 and 0.508 gm. of crystals. Tliese crystalline deposits 
from chloroform were combined with Fraction III, since according to 
solubility, melting {mint, specific rotation, and bioassay they were very 
similar, as can be seen from Table I. The assay of these fraction^ by the 
work te=t indicates that they are a mixture of 1 1-dehydro-17-hydro.xycorli- 
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Fraclionalion of Hog Adrenal Extract by Distribution between Benzene and Water 

Neutral ethyl acetate fraction (25.88 gm.), 1.63 work units per mg., total 42,370; 8.6 
survival-growth units per mg., total 223,000. Submitted to 4 distributions 
between benzene and water 


I 


Fraction I 

Benzene Kesidues 1-4, 14.0 
gm.; 0.64 work unit per 
nig.,7560unit8; 3.0S.G.* 
units per mg.; 42,000 
units 


Fraction V 

Aqueous Residues 1-4, 
3.57 gm,;1.48 work units 
per mg., 5283 units; 12.0 
S. G. units per mg., 
42,800 units 


Fraction II 

Extracted from benzene 
with HjO and from H;0 
with benzene; 3.97 gm.; 
1.12 work units per mg., 
4446 units; 15.0 S. G. 
units per mg., 59,550 
units 


Fraction III 

Crystalline deposit from 
benzene and water; 2.44 
gm.; 6.0 work units per 
mg., 14,616 units; 12.0 
S. G. units per mg., 
29,232 units; m.p. 200- 
210°; WS 169° 


Fraction IV 

Resinous precipitate insolu- 
ble in either benzene or 
water, 1.625 gm. ; 1.66 work 
units per mg., 2697 units; 
6.0 S. G. units per mg., 
9750 units 


Submitted to 10 further benzene distributions 


I 

Fraction VI 

Benzene Residues 5-13, 
1.00 gm.; 0.76 work unit 
per mg., 760 units; 6.0 
S. G. units per mg., 6000 
units 


Fraction VII 

14th aqueous solution from 
benzene distribution, 
0.46 gm.; 1.30 work units 

§ er mg., 598 units; 15.0 
. G. units per mg., 6900 
units 


1 

Fraction VIII 
Aqueous Residues 5-13, 
2.06 gm.; 1.53 work 
units per mg., 3152 
units; 15.0 S. G. units 
per mg., 30,900 units 


' The term “survival-growth” is designated by S. G. 


costerone and 17-hydroxycorticosterone, since a^ay values between those 
for these two compounds were obtained. These substances were obtained 
in pure form by following the specific rotation in 95 per cent alcohol. Melt- 
ing point determinations are of no value as a criterion for separation, since 
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they are practically identical and show little if any depression when the 
compounds are mixed. The specific rotations of pure samples of these 
compounds previously isolated (8) were found to be 164° for 17-hydroxy- 
corticosterone and 195° for ll-dehydro-17-h3fdrox3'corticosterone. These 
values are in agreement with those reported in the literature (6, 9). By 
fractional ciystallization from acetone it was found that the material 
least soluble in this solvent could be obtained in pure form, since on re- 
peated crystallization no difference in specific rotation could be effected. 
1.2 gm. of this substance were obtained, which, as is evident from the data 
in Table I, is undoubtedly 17-hydroxj'Corticosterone. A mixed melting 
point with a pure sample of this compound previously obtained (8) gave no 
depression. 


Table I 


Chloroform-Insoluble Fractions from Hog Adrenal Extract 




M.p., 


1 Bioauay 


Weight 




corrected 

in 95 per 

Work 





cent ElOH 

growth 


fm. 

•c. 


units Ptr 
mt. 

units fsr 
mg. 

Fraction III, CHCh-insoIable 

2.44 

200-210 

169 

6.0 


CHCli-insoluble of Fraction IV.. . 

0.43 

196-208 

155 

6.2 


“ “ “ VIII. 

0.51 

202-210 

162 



Acetone recryatallization of CHC1>- 

insoluble 

Eton recryatallization of acetone 

1.2 

215--218 

164 

7.3 

10.0 

mother liquors . 

0.68 

212-215 

200 

5.7 



Tlie acetone mother liquors were combined and crj'stallized from 95 
per cent ethanol. Bj' recrj’stallization from this solvent the specific rota- 
tion could be increased until a value of 200° was attained, after which 
further crj'stallization did not increase the rotation. Beautiful rhombo- 
hedra weighing 0.G8 gm. were obtained. Tlie bioassay result bj' the work 
test taken with the physical data identifies this material as ll-dehj’dro-17- 
hj’drox 3 ’corticosterone, a pure sample of which gave no melting point 
depression with the crj-st-als here obtained. 

Tlie chloroform-insoluble material of Fraction V was obtained after a 
preliminarj- purification bj' removal of acidic and basic material. Tlic 
weight of the fraction was thus cut down from 3.57 to 2.21 gm. By erj's- 
tallization from chloroform 0.51 gm. assaying G.5 units per mg. were re- 
moved. This represents a removal of 3315 work units and alrout 5100 
furvival-growih units. According to the bioassay results, the removal of 
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the relatively large amount of 1.36 gm. of acidic and basic material resulted 
in no loss of activity by the work test, since the 1.7 gm. assayed 1.06 units 
per mg. 1800 of a possible 1900 units were, therefore, recovered. By the 
survival-gro^vth test 25,600 units out of a possible 37,700 were recovered. 

The 1.7 gm. of Fraction V after removal of acidic and basic material 
and CHCb-insoluble crystals were separated into ketonic and non-ketonic 
fractions with Girard’s reagent. The material was dissolved in 21 cc. of 
absolute methanol and 2 gm. of Girard’s reagent, and l.Ol cc. of glacial 
acetic acid were added. This mixture was kept at room temperature over- 
night and was then Cooled to —10°. With constant shaking 26.0 cc. of 
normal NajCOa solution were added and, with the receiver in an acetone- 
drj' ice mixture, the methanol was removed at 0-5°. The resulting aqueous 
solution was extracted ydth seven 100 cc. portions of ethyl acetate. The 
combined ethyl acetate solution of the non-ketonic material was washed 
back with 50 cc. of water. The aqueous solution plus the washing of the 
ethyl acetate was acidified by adding 0.1 volume (10 cc.) of concentrated 
HCl and the ketonic material was extracted with eight 100 cc. portions of 
ethyl acetate. The ethyl acetate solution was washed with 1 per cent 
NajCOj followed by H5O, until the washings were no longer alkaline. The 
rion-ketonic fraction weighed 0.59 gm. and the ketonic fraction 1.09 gm. A 
quantitative recovery of activity by the work test was obtained in the ke- 
tonic fraction, since this assayed 1.7 units per mg. and, therefore, contained 
1853 units. More than half of the activity by the survival-gronih test 
was lost, since the ketonic fraction assayed only 10 units per mg., and no 
activity could be discerned in the non-ketonic fraction at 10 times this 
dose. 

Only 30 mg. of material could be obtained from the ketonic fraction by 
ciystallization from chloroform. According to specific rotation and melting 
point this was 17-hydrox>'corticosterone. The non-crj^stallizable 1.05 
gm. were acetylated with acetic anhydride in pyridine, and the neutral 
fraction from the acetylation weighed 0.95 gm. This material was frac- 
tionated by being placed on an aluminum oxide column and eluted nith 
various solvents. 10 gm. of Merck’s (Darmstadt) aluminum oxide, 
standardized according to Brockmann, were used. It was washed with 
petroleum ether and the fraction to be adsorbed was dissolved in /5 cc. 
of pure anhydrous benzene. 25 cc. of pure hexane were added and the 
clear solution run through the column. The filtrate contained no solids. 
The material was then fractionally eluted by perfusing with benzene, ben- 
zene and ether, ether, ether and acetone, acetone, and methyl alcohol, the 
procedure being practically the same as that used by von Euw and Reich- 
stein (10) for fractionation of the more water-soluble concentrates of beef 
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adrenal glands. After the material was rechromatographed two times, a 
high melting acetate was obtained in the first fractions eluted with benzene. 
Only 13 mg. of this substance which melted at 200-267° (corrected) could 
be obtained. Due to lack of niaterial it has not been investigated further. 
The fractions eluted vith benzene and ether mixtures containing 2 to G per 
cent ether yielded 45 mg. of a pure acetate melting at 220-222° (corrected). 
A mixed melting point with an authentic sample of 17-hydroxycorticos- 
terone acetateshowed no depression. All the other fractionsobtained from 
the column were amorphous. Only about 75 per cent of the substances 
could be eluted from the column, and this was found by the work test to 
be less than one-tenth as active as it was before placing it on the aluminum 
oxide column. For this reason chromatographic separation of this material 
on aluminum oxide was not investigated further. 

A nitrogen analj'sis by the Dumas method on Fraction VII gave a value 
of 4.6 per cent. This is surprisingly high and indicates that a nitrogen- 
containing substance is concentrated in this fraction, since the nitrogen con- 
tent of the original neutral ethyl acetate fraction (c/. the diagram) before 
benzene distribution is less than 1.0 per cent. 

Bioassaj' data on Fractions 'ITI and VIII are very similar. Nitrogen 
determinations were run and it was found that Aqueous Residues 11, 12, 
and 13 had practically the same high nitrogen content as the last material 
extracted from the water -with the benzene. A preliminary' distribution 
between ethyl acetate and water resulted in a higher concentration of nitro- 
gen in the aqueous phases. In an attempt to separate the nitrogen-con- 
taining substance, the following procedure was, therefore, carried out. 
Aqueous Residues 11, 12, and 13 weighed 0.324 gm. and were combined 
vith Fraction VII. The 0.78 gm. was dissolved in 100 cc. of ethyl acetate. 
Five 250 cc. separatory' funnels were set up and the solution placed in the 
first funnel. 100 cc. portions of ethyl acetate were placed in each of the 
other futmcls. The solution was shaken with 50 cc. of water and the water 
extract was passed in order through the second, third, fourth, and fifth 
funnels. Ten such water extractions were carried out. The material 
remaining in the combined ethyl acetate solution weighed 0.49 gm., while 
in the combined water extracts there was 0.27 gm. which contained 8.89 
per cent nitrogen. Tliis material was crystallized from 1 cc. of alcohol 
and %'ielded 130 mg., m.p. 150-100°. By sublimation in a vacuum of 5 
X 10“* mm. of Hg at a temperature of 105-110°and crystallization from pure 
acetone, 08.3 mg. were obtained, which melted at 102-101° (corrected). 
Bv both the work and survival-growth assays the substance was found to 
be inactive and is undoubtedly identical witli the nitrogenous Compound 
E of U'intersteiner and Pfiffner, which these authors isolated from a beef 
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adrenal concentrate, and believed to be Meucyl-Z-proline anhydride (11). 
The following analytical data were obtained. 

CiiHuO.N.. Calculated. C 62.81, H, 8.63, N, 13.33 
Found. " 63.15, “ 8.62, “ 13.74 
“ 63.19, “ 8.73 

The 0.49 gm. from the ethyl acetate solution was dissolved in 3 cc. of 
acetone, and 27 cc. of water were added. After standing in the refrigerator 
overnight, 0.131 gm. of insoluble material was removed by centrifuging. 
The 0.360 gm. w'hich remained in solution contained 0.83 per cent nitrogen. 
This assayed 20 units per mg. by the survival-growth assay method and 
0.9 unit per mg. bj' the work test. Biological assay data on this fraction 


Table II 

Biological Activity of Water-Soluble Amorphous Fraction from Hog Adrenal Glands 
The results are e.xpressed in units per mg. 


Preparation 

Survival- 

growth 

Dog assay | 

Work 
assay i 

Corner- 
Alien pro- 
gestational 
test 

Desoxycorticosterone 

35 

500 

0.1 

0.1 

Progesterone 

0.25 

1.0 

Water-soluble amorphous hog adrenal frac- 
tion 

20 

1 

' 500 

0.9 

<0.02 

Beef adrenal extract, 1 cc. = 40 gra. gland. 

4 

110 

1.0 

<0.02 


are given in Table II in which they can be compared with those for desoxj’-- 
corticosterone and progesterone. The dog assay was run according to 
the method of Pfiffner et al. (12). The value of 500 dog units per mg. of 
this amorphous fraction is the average obtained when in parallel assays 
desoxycorticosterone gave a value of 500 and a beef adrenal cortex extract 
(13) gave a value of 110 units per cc., each cc. being equivalent to 40 gm. 
of gland. It can be seen that the tests for adrenal cortex activitj’’ indicate a 
great similarity between desoxycorticosterone and the amorphous fraction. 
The progestational effect of the three substances was, therefore, also deter- 
mined, Desoxycorticosterone, as has previouslj’’ been reported (14), has 
a very pronounced progestational effect. By the Comer-Alien method of 
assay (15) we found that at a 10 mg. dose it gave a slighth’’ greater response 
than 1 mg. of pure progesterone. It contains, therefore, about 0.1 Comer- 
Alien unit per mg. UTien the adrenal cortex fraction was assaj'ed at a dos- 
age level of 50 mg., no progestational acthdty whatever could be discerned. 
By comparing "the results by the sundval-growth assai" and by the pro- 
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gestational activity test it is apparent that the cortical hormone actmtj' is 
probabl}’^ not due to content of desoxj'corticosterone. 

DISCUSSION 

Hog adrenal cortex concentrates made by a procedure comparable to that 
used for beef adrenal extracts are very characteristically different in that 
the 17-hydroxj'Corticosterone and ll-deh3'dro-17-hydroxycorticosterone are 
easily crystalHzable from the benzene-insoluble fractions. Similar frac- 
tions from beef glands contain such a high percentage of biologicall}' inac- 
tive CsiOs compounds (8) that the ciystalline deposits obtained after dis- 
tribution between benzene and water contain these compounds almost 
exclusively. In our experience it was necessarj' to fractionate further into 
ketonic and non-ketonic fractions in order to obtain the crystalline bio- 
logically active CiiOs compounds. As has previously been pointed out 
(16), a summarj' of the yields of biologicallj' active crj'stalline fractions 
obtained from beef and hog adrenal extracts shows that a much higher 
percentage of the total activity of the latter can be recovered in cr3’stal- 
line form. By the work test this accounts for 65 per cent of the composite 
activity in the neutral ethjd acetate-soluble fraction from hog gland, 
whereas it accounts for only 33 per cent of the activity in the identical 
fraction from beef gland. Only about 75 to 100 mg. of 17-hydroxycorticos- 
terone, which is most active by carbohydrate function tests (3,4), can be 
obtained per thousand pounds of beef glands. In contrast 600 mg. per 
thousand pounds of hog glands can quite easily be obtained in the purest 
form. In these extracts concentration of this compound predominates 
somewhat over that of ll-dehj'dro-17-hydroxy corticosterone, of which 
340 mg. per thousand pounds were obtained. Examination of the benzene 
residues has also revealed that onlj’’ corticosterone and not 11-dehj’drocor- 
ticosterone could be crj’stallized. Taken altogether, the evidence indi- 
cates that the sjmthcsis of the hormones in the cortex of the hog adrenal 
gland is predominantlj' that of the 11-hj’droxj' rather than the 11-kcto- 
steroids. 

After removal of these pure compounds of higli activitj' bj' the work test, 
a fraction can be obtained from hog as well as from beef gland which is of 
low activity- by the work test and of high activitj' bj' both the .survival- 
growth assaj’ (2) and the Pfiffner-Swingle dog assaj' (12). Althougli 
dcsoxj'corticostcronc has a similar tj-pe of acti-vitj-, we do not believe this 
can be present in this so called “amorphous fraction.” Tile activity of 
this fraction bj' oral administration was found to be as great as bj' injection, 
whereas dcsoxj'corticostcrone administered orally is less than one-twentieth 
as active as it is parenterallj- (17). Furthermore, to account for the activ- 
itv bv the survival-growth test this water-soluble fraction would have to 
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consist of at least half desoxycorticosterone, which does not seem possible 
since it is very insoluble in water. That such a concentration of desoxy- 
corticosterone cannot exist in this fraction is also shoum by the results of 
the progestational activity test by which 50 mg. gave no response, whereas 
10 mg. of desoxycorticosterone give the full progestational proliferation 
produced by 1 mg. of progesterone. The only substance that could be 
crystallized from this was the nitrogenous compound believed to be l- 
leucyl-Z-proIine anhydride, which does not seem to bear any relationship 
to the biological activity. The results of fractionation show that this activ- 
ity is easily lost bj’ chemical manipulation, since by the growth-survival 
test only half could be recovered after separation with Girard’s reagent, 
and after adsorption on aluminum oxide apparently all the biological activ- 
ity was lost. 


SUMMARY 

The relatively high activity of hog adrenal extracts by the work test is 
due to a high concentration of 11-oxygenated steroids most active by this 
test. About 6 times as much 17-hydroxycorticosterone, which is the com- 
pound most active by carbohydrate function tests, could be crystallized 
from this source as from an equal amount of beef adrenal extract. After 
removal of the 11-oxygenated steroids by as complete crystallization as 
possible, there can be prepared from the extracts of hog as well as beef a 
water-soluble fraction of relatively low activitj’’ by the work test and of 
high activity by the growth-survival test. This activity of the so called 
amoiphous fraction does not seem to be due to any of the known biologicallj' 
active adrenal steroids. 
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THE UTILIZATION OF tf-AMINO ACIDS BY MAN* 

III. .^GININE 
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Although the commercial availability of naturally occurring arginine 
deprives the present report of practical implications in human nutrition, 
the investigation seems experimentally noteworthy because not only could 
the metabolic fate of the ingested d(— )-arginine be deduced from measure- 
ments of urinary metabolites, but also direct evidence on one phase of the 
process could be secured from the in vitro action of human liver arginase on 
the unnatural form. Our feeding experiments showed that the oral admin- 
istration of 0.01 mole of dZ-arginine hydrochloride (equivalent to 0.87 gm. 
of d(— )-arginine) resulted in the excretion of 100 to 160 mg. more of argi- 
nine than the feeding of 0.01 mole of 2(-l-)-arpnine hydrochloride. The 
absence of significant qualitative or quantitative differences in the urinary 
output of other N metabolites, especially amino N, following the ingestion 
of 2(+)- and dZ-arginine was interpreted to indicate that approximately 
80 per cent of d(— )-arginine fed follows the metabolic path of Z(-f )-arginine. 
This interpretation received some experimental support from the unex- 
pected finding that the quantitative equivalents of urea were obtained 
from both l(,+)- and dZ-arginine on incubation with crude arginase prepared 
from human liver. This obsen^ation naturally raises questions on the 
nature of the reaction mechanism involved. Two possibilities which pre- 
sent themselves are (a) that both d- and Z-ar^ase occur in the human liver, 
or (b) that d(— )-ar^nine is first biochemically converted to the I isomer 
and then acted upon by Z-arginase. The single in vivo difference, the 
urinaiy loss of arginine following the oral administration of the racemate, 
fails to resolve this ambiguit 3 '-, since it could be argued with equal validity 
that this phenomenon is due to a lag in either possible enzyme reaction 
with the d form. The results of the in vitro experiments indicate that no 
differences in reaction rates exist and lead one to suspect that the observed 

* The work described in this report was supported in part by grants from the 
Rockefeller Foundation and the Nutrition Foundation, Inc. Partial support was 
also derived under a contract, reconunended by the Committee on Medical Research, 
between the Office of Scientific Research and Development and The Johns Hopkins 
Universitj’. 
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arginine loss is merely due to a lower kidney threshold value for the un- 
natural form. However, the use of in vitro results for the interpretation 
of in vivo data is obviously questionable. Despite the inadequacy of the 
data to reveal biochemical details, our observations indicate clearly that 
unnatural arginine is partiallj' metabolized by man. 

Quite apart from the primarj' objective of the present studj', observations 
on the action of rat liver arginase on dl- and Z(+)-arginine demonstrated 
that although 1 molecular equivalent of urea was obtained from l(+)- 
arginine, only 0.5 equivalent of urea was obtained from dl-arginine. This 
finding suggests that the d isomer may not be utilized by the rat. 


EXPERIMENTAL 


Preparation of dl-Argininc Hydrochloride — Commercially available Z(-}-)- 
arginine hydrochloride, Merck, found to contain 26.6 per cent of N and 
to have a specific rotation of Ia]‘° = 4-12.5° in 3.4 per cent aqueous solu- 
tion, was used in all experiments. dZ-Arginine hydrochloride was prepared 
by racemization of the Z form with acetic anhydride by a modification of 
the procedures of Bergmann and Zer\'ns (1) and du Vigneaud and Meyer 
(2) as follows; 20 gm. of l(-l-)-argimnc hydrochloride, Merck, were dis- 
solved by heating on the steam bath in a mixture of 25 cc. of 
acetic anhydride and 50 cc. of glacial acetic acid. After storage for 24 
hours at 37°, the excess acetic acid was removed by concentrating the 
• ^llon mixture in vacuo to a thick syrup three times successively, after 
the addition of water. The final syrup was dissolved in 100 cc. of 6 N 
HCl and the solution was boiled under a reflux for 3 hours in an all-glass 


apparatus. The excess of hydrochloric acid of this solution was removed 
by three evaporations in vacuo following additions of water. The final 
syrup was dissolved in 100 cc. of 95 per cent ethanol and the monohj'dro- 
chloride was precipitated from solution by the slow addition of a l-l 
mixture of pyridine and ethanol. After 24 hours of refrigeration the 
crude crystalline substance was collected and purified by dissohdng the 
product in 25 cc. of hot water containing 1 gm. of norit A and precipitation 
from the hot filtered solution bj' the gradual addition of 2 I'olumes of 95 
per cent ethanol. The final product weighed 17.0 gm. and was found to be 
optically inactive and to contain 26.5 per cent N (theory 26.6) by micro- 


Kjeldahl analysis (3). 

Human Experiment — As in our previous investigations of this senes, 
three fasting adult subjects were given 2.10 gm. (0.01 mole) of Z(-t- )- 
tZZ-arginine hydrochloride in 240 cc. of water 2 hours after breakfast an 
120 cc. more of water at the end of each hour of the experimental perio s 
to maintain an optimum flow of urine. The duration of the experimen 
varied from 3 to 24 hours. Since it was found that the intake of food > 
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not appreciably affect the urinary arginine output, the fast was imposed 
only for the first 3 hours of the 24 hour periods. The urine which was 
collected for the 2 hour period prior to administration of arginine is desig- 
nated as urine collected at zero hour. The urine was collected hourly 
thereafter for 6 hours or longer and was analyzed for total N (3), arginine 
(4), amino N (5), urea (6), and creatine and creatinine (7). 

Arginine excretion curves of one of five experiments are shown in Fig. 1 
and indicate that, whereas the ingestion of Z(-l-)-arginine results in only 
sh'ghtly greater output of arginine than when no arginine is fed, the feeding 


0 @ nr 



Fig. 1. Urinary output of arginine of Subject A after administration of 0 01 mole 
(2.1 gm.) of f(-f-)- and df-arginine hydrochloride. The solid line indicates e.vcretion 
after ingestion of the dl form; the broken line after ingestion of the I variety; and the 
dotted line normal output. Meals 1, 2, and 3 had approximately the same composi- 
tion in all experiments. 


of the racemate causes a marked and prolonged elevation of the urinar}' 
arginine level. From these e-xperiments it was found that in the 10 to 12 
hour period follotving the ingestion of the* racemate 100 to 160 mg. (average 
120 mg.) more of arginine are excreted than when 1(4-) -arginine is given. 
Inasmuch as this excess urinary arginine appears to be e.\‘creted onlj" after 
the feeding of 1.74 gm. of dl-arginine which contains 0.87 gm. of d(— )- 
ar^nine, it is likely to be of the d configuration. With the exception of the 
elevated arginine output, measurements of other nitrogen metabolites 
following the administration of df-arginine failed to reveal any anomah'es 
which might account for the presence of the d isomer. Complete analytical 
data of one of the five experiments are given in Table I. The lack of a 
significant difference in the amino N output in these e.xperiments points 
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to the possiljility that the tf (— )-ormtiune wliich ^vouId be derived meta- 
bolically from the uncxcretcd 740 ± 30 mg. of d(— )-arginine may also be 
metabolized by the human. 

In Vitro Experiments — ^Arginase-containing extracts of liver ■were pre- 
pared by the procedure of Hunter and Daupliinee (8) from 72 gm. of pooled 
rat livers (five rats) and from 167 gm. of human liver secured at autopsy 
from a 51 year-old male Negro 8 hours after death caused by acute pneu- 

Table I 

Urinary Output of Nitrogen Compounds after Ingestion of 2 1 Gm. of 1(+ )- and dl- 


Argininc Hydrochloride by Fasting Normal Adult Human" 
Subject A, male, 70 kilos. 


Tonn fed 

Time 

after 

in^csttoo 

Urmc 

\olume 

Total 

N 

Amino 

N 

nine 

Urea 

Creatine 

Creati* 

nine 


hrs 

cc 


mt 

mi 

ms 

mg 

mg 


0 

315 

152 

11 

7 

2 6 

894 

23 8 


i(-t-)-Argiiune 

1 



11 

9 

3 9 

1016 

30 3 




■EH 


m 

El 

3 4 

954 

13 3 




110 

555 

12 

3 

2 1 

850 

11 3 

60 1 



1G4 

344 

11 

3 

5 6 

676 

17 7 

62 4 



GO 

296 

12 

8 

4 6 

636 

13 8 

63 4 



38 

400 1 

10 

8 

4 5 

594 


68 5 

Total 

G82 

2699 

m 

i 

24 1 

4726 

102 4 

390 3 


0 

4S0 

624 

12 

9 

1 2 

1120 



dl-Arginine 

1 

250 

624 

14 

9 

2 9 

■ml 

26 0 

88 5 


i 2 

100 

457 

16 

8 

16 2 


14 9 

62 7 


3 

70 

395 

11 

2 

22 4 

625 

15 7 

60 5 


4 

55 

364 

13 

6 

21 4 

654 

25 7 

67 2 


5 

75 

281 

11 

0 

19 9 

476 

11 2 



6 

75 

426 

12 

I 

16 8 

652 

17 9 

67 2 

Total 

G25 

2547 

79 6 

99 6 

4705 

111 4 

402 1 


* The total values do not include the zero hour output. 


monia. The follotving assay procedure was employed. 1 cc. aliquots of 
solutions containing 1.3 to 1.4 mg. of dl- or I(-i-)-arginme hydrochloride 
adjusted to pH 8 and 1 cc. of the arginase preparations also at pH 8 were 
incubated for 4 to 16 hours at 37°. At the end of this period, 1 cc. samples 
of the reaction mixtures were transferred to 15 cc. conical centrifuge tubes 
containing 3 cc, of 10 per cent trichloroacetic acid. After the tubes were 
shaken and allowed to stand for 10 minutes, they were centrifuged for 5 
minutes at 3000 e.p.m. The urea was determined colorimetrically as 
described by Barker (6) in 1 cc. ahquots of the supernatant fluid. The 
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urea content of the arginase preparations was similarly estimated in blank 
determinations and the values were interpolated into the calculations. 

The results of these experiments are given in Table II. These data 
indicate clearly that the extract of human liver, unlike the preparation 
from rat liver, reacts to produce urea quantitatively from both d(— )- and 
l(+)-arginine. This surprising finding was confirmed by repeated experi- 
ments and further checked by the negative Sakaguchi tests (4) given by the 
protein-free filtrates obtained from the reaction mixtures. It is to be 
further noted that, whereas the reaction with human arginase was quanti- 

Tabu: II 

Action of Crude Arginase from Human and Rat Livers on and dl-Arginine 


Each final value represents the average of ten tests in which 1 cc. of arginine was 
incubated at pH 8 and 37° with 1 cc. of arginase preparation. 


ReacUnts 

Re- 

action 

time 

Urea formed 

Arginase source and 
urea blank 

AcgminC'HCl 

Calcu- 

lated 

Found 

Yield 

Form 

Amount 



mi. 

krs. 

mr. 

mg. 

per cent 

Human liver, 0,464 

Z(+)- 

1.390 

4 

0.398 

0.403 ± 0.005 

101.2 ± 1.3 

mg. of urea per 

dl- 

1.400 

4 


0,408 ± 0.010 

101.8 ± 2.0 

CC. 

H+)- 

1.300 

16 

0.372 

0.375 ± 0.005 

99.5 ± 1.2 


' dl- 

1.400 

16 

0.400 

0.398 ± 0.010 

99.4 ± 1.8 

Rat livera, 0.260 

l(+)- 

1.400 

4 

0.400 


84.0 ± 1-0 

mg. of urea per 

dl- 

1.400 

4 

0.400 


48.5 ±.2.0 

CC. 

11.+)- 

1.400 

16 

0.400 


101.5 ± 0.4 


dl- 

1.400 

16 

0.400 


48.5 ± 0.6 


tatively completed in 4 hours, the reaction with rat arginase required 16 
hours for completion. 


DISCUSSION 

The in vilro experiments reported here indicate that in human liter, 
but not in rat and calf (9) liver, there occurs a mechanism whereby urea is 

produced from both £f(—)- and Z(-l-)-arginine. If one makes the reasons e 

assumption that this biochemical system also exists in the living man, then 
the fate of approximately 500 mg. of d(-)-omithine which would r^uit 
from the transformation of the unexcreted 740 zh 30 mg. 
must be considered. And if the d(- )-ornithine were not 
amino N output following the administration of dZ-arginine vo ^ e ex 
pected to be a calculated 53.0 mg. greater than after Z(-f)-arginine mgestion. 
Inasmuch as our data fail to reveal any agnificant difference m output 
of this urinary component, it seems permissible to infer that d( )-onn e 
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is available to the human. Furthennore, since ornithine does not appear 
to be a constituent of proteins and since arginine isolated from proteins 
always appears to be of the Z(+) configuration, it must be concluded that, 
prior to final utilization, d(— )-omitbine must be converted to the I isomer. 
Apparently mechanisms for the optical conversion of tliis and other amino 
acids exist in man wliich differ qualitatively and quantitative^' from those 
prevailing in other mammals (10). 

These investigations on the human utilization of the d forms of the amino 
acids are being continued and experiments with histidine, tyrosine, and 
threonine ■will be reported subsequently. 

SUMMARY 

A comparison of the output of N metabolites, urea, amino N, and arginine 
in particular, folloiving the administration of equal quantities of Z(+)- and 
dl-argininc suggests that the d form is catabolized in the human. This 
suggestion receives experimental support from the finding that crude 
arginase prepared from human liver yields stoichiometric equivalents of 
urea from both d(— )- and Z(+)-arginine. Experiments ■with rat liver 
preparations demonstrated a lack of arginase activity ■with respect to d(--)- 
arginine. 
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THE UTILIZATION OF <f-AMINO ACIDS BY MAN* 

IV. ACETYLTRYPTOPH.-VXE 

By ANTHONY A ALB.\NESE,t JANE B. PRANKSTON, <.\d VIRGINIA IRBY 

(From the Department of Pediatrics, The Johns Hopkins Vnirersity and the Harriet 
Lane Home of the Johns Hopkins Hospital, Baltimore) 

(Received for publication, April 25, 1945) 

In attempting to secure data on the formation in the human of the aber- 
rant metabolite of d-tryptophane, it occurred to us that relevant informa- 
tion might be obtained from the feeding of the acetyl derivatives of l- 
and df-tryptophane. As in our previous studies, the subjects were given 
0.01 mole quantities of these compounds and their metabolic fate deduced 
from measurements of urinary products. These investigations unex- 
pectedly revealed that urines collected after administration of acetyl-d/- 
tryptophane, in contrast to those after di-tryptophane, did not yield indigo 
red on treatment with 0.1 N iodine solution (1). This observation and the 
measurements of other indole derivatives suggested that a greater amount 
of acetyl-di-tiyptophane than di-tiyptophane maj’ be available to man. 

EXPERI&rENTAL 

Commercially available i(— )-tryptophane, Merck (13.5 per cent N 
found), and di-tr 3 'ptophane, Merck (13.6 per cent N found), were used in 
these experiments. The acetyl derivatives of these compounds were 
prepared in this laboratory by the method of du Vigneaud and Sealock (2). 
Thus, 14.9 gm. of acetyl-i-tryptophane were obtained from 13.6 gm. of 
i-trjptophane which was found to contain 11.30 per cent N by micro- 
Kjeldahl analysis (3) (theory, 11.38 per cent N) and the specific rotation 
of a 1 per cent solution in 1 n NaOH was [a)|’ = -1-28.9'’ and [a]^ = 
-1-22.0'’ (du Vigneaud and Sealock (2) [ajo’ = -1-29'’). The acetjdation of 
20 gm. of dZ-tryptophane 5 ’ielded 20 gm. of the derivative which contained 
11.36 per cent N by micro-Kjeldahl analysis and was optically inactive. 

In accordance with our adopted experimental technique, fasting adult 
subjects were given 0.01 mole (2.46 gm.) of aeetyl-Z- or acetj'I-dZ-trjpto- 
phane or 0.01 mole (2.04 gm.) of Z- or dZ-trjqjtophane in 240 cc. of water 
2 hours after a light breakfast and 120 cc. of water at the end of each 

* The vork described in this report was supported in part b 3 ' grants from tlie 
Rockefeller Foundation and the Nutrition Foundation, Inc Partial support was 
also derived under a contract, recommended bj- the Committee on Medical Research, 
betneen the Office of Scientific Research and Development and The Johns Hopkins 
Cniversitj'. 

t Present address, Children’s Medical Seirnce, Belle^'ue Hospital, New lork 
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of the subsequent 5 hours to maintain uniform urine flow. Since it had 
been previously found that food intake did not appreciably afi’ect the output 
of tryptophane or other indole compoimds, the fast was imposed only for 
the first 3 hours of the 6 hour experiments. The urine was collected at 
zero time’ and hourly thereafter and analyzed for tryptophane (4), the 
d-tryptophane metabolite (1), and indican (5). 

The experiments revealed that the urine collected after the ingestion of 
acetyl-di-tryptophane, unlike thatafterdZ-trj'ptophane, failed to yield indigo 
red on treatment with iodine solution. Urines from exjieriments with 



Fig. 1. Urinary output of trj'ptophane of a normal fasting subject and after ad- 
ministration of 0.01 mole of the isomers of tryptophane and acetyltryptophane. 

acetyl-i-tiyptophane as tvith i-tiyptophane also gave negative tests with 
iodine. The indican output in alt instances was found to fall within the 
normal limits. Tryptophane excretion measurements (Fig. 1), however, 
showed that a greater loss of the amino acid was incurred by the adminis- 
tration of the acetyl derivatives of the isomers than by tryptophane itself. 

Since acetylated tryptophane was previously found to respond negatively 
to our tryptophane reaction (4) and since some of the ingested acetyl- 
tiyptophane might well be excreted as such, its presence in the urines was 
tested by performing the analyses before and after hydrolysis of the speci- 
mens under a reflux for 3 hours in the presence of 10 per cent Ba(OH)!. 

> The urine which was collected for the 2 hour period prior to administration of 
acetyltryptophane is designated as urine collected at zero time. 
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The failure of this treatment to increase or change the tiyptophane content 
of these samples was taken to indicate the absence of acetyltiyptophane. 

In performing these analyses it was observed that all of the mercuiy 
precipitates obtained from the urines collected after acetyl-f- or acetyl- 
dZ-tryptophane administration were a bright yellow color instead of the 
usual gray of normal specimens. The reason for this difference could not 
be ascertained. 

In six experiments an average of 210 db 10 mg. of tiyptophane was 
excreted following the ingestion of 0.01 mole of acetyl-Z-tiyptophane, where- 
as only 95 5 mg. of tiyptophane were excreted after 0.01 mole of acetyl- 

dZ-tryptophane. Since the racemate provides the subject with only one- 
half the amount of acetyl-Z-tiyptophane as in the acetyl-Z-tiyptophane 


Table I 

Vtilization of Optical Isomers of Tryptophane and Acctyltryplophane by Meuse, Rat, 

and Man 


Compound 

^ Mouse 

Rat 

' Man 

1 

Z-Tryptophane . 


+ 

+ 

d-Tryptophane 

± [p, V) 

-h 9) 


Acetyl-Z-tryptophane 

i 

+ (10) 


Acetyl-d-tryptophane 

1 

- (0) 



The figures in parentheses represent bibliographic reference numbers. 


experiments, the order of magnitude of the total tryptophane e.xcretion 
Values suggests that the phenomenon is caused predominantly by acetyl 
Z-tiyptophane. This may be due to a low kidney threshold value for this 
compound. 

Comment 

The results reported here indicate that, with the exception of a 5 per 
cent urinary loss, all of the acetyl-dZ-tiyyitophane ma 3 ' be a\ ailable to man. 
This is in sharp contrast with the 50 per cent utilization of dZ-tryptop a^ 
pieviously noted (1). This interpretation of the findings lecommen 
use of acetyl-dZ-tiyptophane (or better its readilj' soluble sodium sa ) 
rather than dZ-tiyptophane in the reinforcement of acid hj dro j sates o 
proteins now being offered for supplemental alimentation. 

Deductions made from the available data on the metabo sm o e 
isomers of tryptophane and acetyltiyptophane in the mouse, rat, an 
are compiled in Table I. In making this comparison it is to be pomted out 
that, in the cases of the mouse and rat, actual growth was emploj-cd m tne 
criterion of utilization, whereas in the case of man the biologica ra uc o 
these substances was determined bj" measurement' of urinarj pro uc '. 
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The metabolic idiosj'ncrasies of these mammals which are thus revealed 
clearly indicate the desirabilitj' of studying the availability of the unnatural 
amino acids and their derivatives directly in man, rather than relying on 
inferences based on animal experiments. 

Finally it appears from this investigation that the metabolic deacetj’la- 
tion of acetyl-d-tryptophane results in the formation of an indole derivative 
which, unlike that formed in the metabolism of d-tryptophane, is available 
to man. 


SUMXURY 

It has been obsen’cd that the metabolism of the d component of acet}’!- 
dl-tryptophane, unlike that of dl-tryptophane, does not differ qualitatively 
from that of the I component in the human. jMeasurements of the urinary 
output of indole metabolites following the administration of acetyl-Z(— )- 
and acetyl-d/-tryptophane point to the greater utilization of acetyl-d- 
tryptophane in man than of d-tryptophane. The significance of these 
obscr\’ations to human nutrition is discussed. 
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MICROBIOLOGICAL METHODS FOR THE DETERMINATION OF 

AMINO ACIDS 

II. A UNIFORM ASSAY FOR THE TEN ESSENTIAL AMINO ACIDS 

By JACOB L. STOKES, MARION GUNNESS, IRLA M. DWYER, and 
MURIEL C. CASWELL 

{From the Research Laboratories, Merck and Company, Inc., Rahway, New Jersey) 
(Received for publication, May S, 1945) 

Microbiological methods for the determination of amino acids, because of 
their specificity, accuracy, sensitivity, and abilit 3 ’^ to yield many replicate 
results within a short time, promise to become of increasing importance in 
investigations of the chemistry and biochemistry of proteins and amino 
acids. Although such methods are of relatively recent origin, a considerable 
and rapidly increasing number are already available for the assay of many 
of the amino acids in purified proteins and natural products. Since a pre- 
vious review of the literature (1), a method for lysine (2) and additional 
methods for tryptophane (3) and glutamic acid (4, 5) have been published. 
Also a fungus method is available for the assay of leucine (6). 

With the exception of leucine (6-8), isoleucine (7), valine (7, 8), and 
tryptophane (3, 9), microbiological methods have either not been developed 
or existing methods have not been shown to be applicable to the determina- 
tion of the essential amino acids in meats, grains, milk, and other natural 
materials. It is in the analysis of such substances rather than purified 
proteins that microbiological methods will find their most extensive appli- 
cation. Also the analj'sis of a protein for those amino acids which can be 
measured by established microbiological methods involves use of a variet 3 ’' 
of microorganisms, media, and details of procedure. This is confusing and 
troublesome even to those who have considerable e.xperience with micro- 
biological assay methods. Experience with the latter suggested that a 
large degree of standardization and, therefore, simplification of amino acid 
methods was possible and highly desirable. The present paper describes a 
basic method for the assa 3 ’' of the ten essential amino acids, namely histidine, 
arginine, lysine, leucine, isoleucine, valine, methionine, threonine, trypto- 
phane, and phenylalanine, which is applicable to foodstuffs and other nat- 
ural products as well as to purified proteins and synthetic amino acid mix- 
tures. A complete anal 3 ''sis can be made with 1.5 gm. or less of sample. 
Nine of the amino acids are determined with Streptococcus faccalis and 
phenylalanine with Lactohacillus delbruckii LD5.' Although two organisms 

' These organisms can be obtained from the .A-merican Tj’pe Culture Collection, 
Georgetown Universitj" School of Medicine, Washington, D. C., where Slrcptococcti^ 
faecatis (also known as Streptococcus lactis R) is listed as No. 9790 and LactohactUus 
clelbruclii LD5 as No. 9595. 
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are used, only one standard medium and one procedure are employed. The 
response of the two organisms to the amino acids is measured by titrating, 
i\"ith standard alkali, the lactic acid produced during growth. 

Procedure 

The described procedure applies to both Slreplocoecus faecalis and Lacio- 
bacillus delbruckii e.\cept for two indicated minor details and is similar in 
most respects to that alread 3 ' outlined (1). 

T.^ble I 


Basal jl/odiwm* 


dl-Leucine 

100 mg. 

Sodium acetate (anhydrous)., 

3 gm. 

dl-Isoleucinc 

100 “ 

Adonjnc 

5 mg. 

dl-Valinc 

100 “ 

Guanine . . 

5 “ 

/(— )-Cystine 

100 " 

Uracil 

5 “ 

df-Mcthionine 

100 " 

Pantothenic acid 

100 7 

(/1-Tryptophane 

200 “ 

Riboflavin 

100 “ 

/(— l-Tyrosine 

100 “ 

Thiamino-HCI 

100 “ 

(//-Phenylalanine 

lOO " 

Nicotinic acid 

100 “ 

(//-Glutamic acid 

100 “ 

Pyridoxaminet 

200 “ 

(//-Threonine 

100 “ 

p-.Aminobenzoie acid 

20 " 

(//-.Alanine 

100 “ 

Biotin 

0.1 “ 

(//-Aspartic acid 

100 “ 

Folic acid} 

1 1.0 “§ 

/(+)-Lysine 

so “ 

Salts .V 


■(-l-)-Arginine 

100 “ 

K.HPO, 

250 mg. 

(-f )-Histidino 

100 “ 

KH.PO4 

250 “ 

'-Serine 

100 “ 

Salts B 


— ) -Proline 

100 “ 

MgSOc7H-0 

100 “ 

(— ) -Hydroxyproline . 

100 “ 

NaCl 

5 “ 

//-Norleucine 

100 “ 

FeSO, -711-0 . . 

5 “ 

Slycine . 

100 “ 

MnSOcIH-O 

5 “ 

Ilucose 

5 gm. 

.Adjust to pH 6.S 
.Add distilled 11:0 to 

250 cc. 


* The amino acid being assayed is omitted from the medium, 
t Sold by Merck and Company, Inc. 

J Obtainable from Dr. R. J. Williams, University of Texas, Austin, Texas. 

§ Equivalent to 1 0 7 of material of “potency 10,000.” 

Inocidum — The cells are prepared according to previous directions (1) 
except that Streptococcus faecalis is suspended in 100 cc. of water after being 
centrifuged and washed. Although one experiment indicated that Laclo- 
bacillus delbruckii also could be diluted to the same degree, most of the 

assay media were inoculated with cells suspended in 20 cc. of watef. 

Assay Medium — The composition of the basic assay medium is shown in 
Table I. The amino acid which is being determined is omitted from the 
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medium. Stock solutions of the amino acids, salts, and vitamins are pre- 
pared as indicated previouslj' (1) with the following changes and additions. 
Owing to difiBculty in obtaining f(— )-tiyptophane, the dl form is used. 
Because of its lesser solubility, stock solutions are prepared ■with 0.2 n HCl 
to contain 20 mg. of di-tiyptophane per cc. A stock solution containing 1 
mg. per cc. of adenine, guanine, and uracil is prepared by dissolving 870 mg. 
of adenine sulfate, 620 mg. of guanine hydrochloride, and 500 mg. of uracil 
in 200 cc. of water containing 10 cc. of concentrated HCl and adjusting the 
volume to 500 cc. Individual aqueous solutions containing per cc. 100 
T of thiamine hydrochloride and 10 y of p-aminobenzoic acid are also re- 
quired. A solution of pyridoxamine dihydrochloride is prepared in a con- 
centration of 100 7 of pyridoxamine per cc., in place of the more dilute 
solution previously described, to avoid excessive dilution of the basal 
medium. It is stable for at least a month when preserved with toluene and 
stored in the refrigerator. 

Preparation of Samples for Assay — ^Fresh, moist substances such as vege- 
tables or meats are sliced and dried at 100° sufficiently to permit grinding 
into a homogeneous mass. It is not necessaiy to free the samples of fatty 
materials or any other constituent prior to hj'drolysis or assay. 1 gm. of 
dried impure protein is autoclaved with 10 cc. of 10 per cent HCl- in sealed 
ampuls of 20 cc. capacity for 10 hours at 15 pounds pressure and prepared 
for assay as outlined earlier (1). This quantity should be sufficient for 
determining all of the essential amino acids except trj'ptophane which re- 
quires a separate alkaline hydrolysis. With purified proteins and other 
materials available only in small quantities, the amount hydrol3'zed may be 
reduced considerably, the degree depending upon the amino acid content of 
the sample. This can be calculated, approximately, from the sensitivity of 
each assay as indicated by the standard cun^es (Fig. 1). Use of smaller 
samples is possible also if only some of the essential amino acids are to be 
determined. A further reduction should be possible b3’’ decreasing, pro- 
portionately, the scale of the assay from 10 cc. total volume per assa3- tube 
to 2.5 cc. or less (10, 11). 

For the determination of ti3q)topbane, 0.5 gm. of sample is hydrotyzed 
with 10 cc. of 5 N NaOH in 50 cc. Pyrex Erlenmeyer flasks plugged with 
non-absorbent cotton. Hydrolysis in sealed ampuls should also be satis- 
factor3' and perhaps preferable, since appreciable amounts of water some- 
times enter the flasks during autoclaving. In the case of purified protems, 
25 mg. are hydrolyzed with 2 cc. of alkali in sealed ampuls. The quantity 
of sample may be reduced as indicated above for acid h3'drol3'sis. Diges- 
tion is carried out at 15 pounds steam pressure for 10 hours as for acid h3 - 

• Concentrated HCl (about 3S per cent) is diluted with water to 10 per cent, b\ 
volume, of HCl. 
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drolysis so that both 137)05 of digestion nia3^ be made simultaneousl3' in one 
autoclave. Frequent a copious precipitate appears on neutralization of 
the alkaline digest -which may contain considerable quantities of silica 
dissolved from the flask. The precipitate is best removed b3’ centrifuga- 



/o /•jjj •£ A.- Vi ^ j-j Jj^sr tli} A)9 j^ 



Fig. 1. Tj’pical standard curves. The quantities of eacli amino acid are those of 
the I or naturallj' occurring isomer. 


tion, since filtration through paper may be e.xtremely slow. It is washed 
once -with water which is combined then with the remainder of the precipi- 
tate-free hydrolysate. , j - 

Acliviiy of Optical Isomers and Preparation of ^btandards—Witb the ex- 
ception of histidine of which only the I isomer was available, the synthetic 
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dl racemate of each amino acid, under our conditions, was exactly one- 
half as active as the I isomer, indicating that the d or unnatural isomer 
is inactive (12). Data for threonine, which is typical of all the amino acids, 
are given in Table II. Identical standard curves were obtained with the I 
and dl forms when twice as much of the latter as compared to the I isomer 
was used. Therefore, either form can be used as the standard. It is im- 
portant, obviously, that amino acids of known purity be employed. It may 
be necessary to purify commeiical dZ-leucine (13) and dl-isoleucine. 

It is convenient to prepare solutions of the amino acids, to be used as 
standards, in a concentration of 100 y per cc. of the I isomer. These may 
be stored under toluene in the refrigerator. Dilutions are made from these 
primary solutions so that the quantities needed for construction of the stand- 
ard curves (Fig. 1), which are in terms of the I isomer, can be pipetted 


Table II 

Aclivily of Threonine Enaniiomorphs for Slreplococcns faecalis 


Isomer per tube 

/(-)- 

1 dl- 

1 <)(+)- 

1 rf/.Allo- 

0.05 H acid formed per tube 


cc. 

CC. 

CC. 

CC. 

0 

0.9, 0.9 





3.6, 3.3 





5.1, 5.2 

3.7, 3.4 




7.9, 7.9 

5.2, 5.2 



0.08 


8.0, 8.0 



2.0 



0.9, 0 9 

1.5, 1.5 


conveniently. These secondary dilutions, also, may be presen-ed. The 
dilutions must be made so that the maximum volume of standard added to 
the assay tubes does not exceed 5 cc. 

Assay Procedure — ^This is identical with that already outlined (1) except 
for the following minor changes applicable only to assays with Streptococcus 
faecalis; there are no changes for the assay of phenylalanine with Lacto- 
bacillus delhruckii. Streptococcus faecalis assays are titrated with approxi- 
mately 0.05 N NaOH after 40 hours incubation at which time maximum 
acid production has occurred. Some experiments have indicated that it 
maj’’ be possible to reduce the incubation period to 16 hours for most routine 
work and that as an alternative to titration the turbidity of the cultures 
may be measured with a photoelectric cell. However, the latter can be 
used only if the sample does not impart anj'' appreciable amount of color 
or turbidity to the assay medium. 

Recording and Calculation of Results — ^An example of a convenient method 
is the assay of beef liver for threonine. 1 gm. of dried liver was digested 
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■\vitli 10 cc. of HCl and the hydroli'sate neutralized, filtered, and adjusted to 
100 cc. ; a further 1 : 12.5 dilution was made prior to assaj' (Table III). 

Alkaline h 3 'drol 3 'sis used to liberate tiyptophane from proteins results in 
complete racemization of this amino acid. Since the d form is inactive for 
Streptococcus faccalis, assn 3 ’’ values must be multiplied b 3 ' a factor of 2 to 
arrive at the final correct tiyptophane content of tlie protein. 


Table III 

Assa;/ of Beef Liver for Threonine 


Diluted sample added 
to assay tube 

XaOH required to 
neutralize assay tube 
after incubation 

1 

Amino acid cquU'alent of 
titration f};nire as read 
from standard cur\‘e 

Amino acid content 
calculated for 1 cc. 
diluted samnie at 
each assay \t\t\ 

cc 

ee. 

y 

7 

0 5 

3 0 

10 

20 


5.1 

1!) 

19 

1.5 

0 S 

31 

21 

2.0 

7 So 

40 

20 

3 0 1 

n.G 

C2 

21 

Average. 

20.2 


dilution 


20.2 X 12.5 X 100 = 25.25 me. of threonine per em., or 2.53 per rent. 

DISCUSSIOX 

Streptococcus faccalis was selected for use in the nssa 3 ’s because, in con- 
..ct to the commonh- cmplo 3 ’’ed Lactobacillus casci and Lactobacillus arab- 
wsus, its amino acid i-equircments are not influenced by pyrido.vamine or 
3 widoxal; those members of the vitamin Be group can substitute for lysine 
nd threonine in the nutrition of the lactobacilli (14). The latter are un- 
ouitable, therefore, for the assay of lysine and threonine, since pyridoxa- 
mine and p 3 widoxal or closely related compounds are commonly present in 
natural products (15) or are formed readily in the assay medium during 
sterilization (14, 1C). 

Although initial, short time experiments appeared to indicate that 
Streptococcus faccalis required all ten essential amino acids for full growth, 
subsequent experience disclosed that the almost imperceptible development 
evident in IG to 20 hours, in the absence of phenylalanine, rapidly increased 
to maximum growth and acid production in 40 hours. Inability to obtain 
cultures from thirty-five single colonies which had an absolute requirement 
for phenylalanine suggests that Streptococcus faccalis is able to synthesize 
nhenylalanine, although too slowly to permit a normal rate of growth. 
This situation is analogous to that of the rat with respect to arginine (17). 
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Lactobacillus arabinosus also developed without phenylalanine. This was 
not unexpected, since its need for phenylalanine is dependent, critically, on 
the composition of the growth medium (18). However, Lactobacillus del- 
brSckii LD5, Lactobacillus casei, and Leuconostoc mescnteroides P-60 failed 
to grow unless phenylalanine was in the medium and they responded in ap- 
proximately linear fashion to increments of the ammo acid. The former 
was chosen for development of the phenylalanine assay, because previous 
e.xperience with it in amino acid assays was available (1). 

The basal medium (Table I) resembles, closely, those proposed for other 
microbial amino acid assay methods. Although the number of ingrechents is 
formidable, most of them are essential for growth. The amino acids and 
growth factors are in excess both in number and quantity. Thus proline, 
hydroxyproline, norleucine, and glycine are not essential for the growth of 
either assay organism and the same applies to thiamine andp-aminobenzoic 
acid and probably also to guanine and uracil. However, such a medium 
seemed preferable to a “minimum” medium which might be unduly sensi- 
tive to non-specific stimulatory substances or inhibitoiy substances at 
might be introduced with the sample. Doubling of the glucose and sodium 
acetate increases acid formation only slightly and has no effect on t e assay 


values. , 

In the development of the method for lysine, standard curves '"'ore o 
tained frequently which “dipped” in the center in contrast to normal linear 
curves. The medium in use at the time was one which had been an s 
was entirely satisfactory for histidine and threonine^ assays eve op 
earlier. Amino acid values from such irregular curves did not agree c ^ 
when calculated from the different assay levels and were high compare o 
those from assays with normal standard cun’es. The dip i\ as e imina e y 
doubling the concentration of adenine, guanine, uracil, and vitamin sup 
plements, except folic acid. Increase of the purine and pjumi me a..es 
was the most important factor in eliminating the dip , follow ed j lo m an 
nicotinic acid. However, the higher concentration of all three was 
saiy for linear curves. The modified basal medium prove to ^ e sa is ^ 

tory for the assay of histidine and threonine and also for the remain ero 

amino acid assay methods developed subsequently. ^ 

The proposed assay method fulfils, for each of the amino aci s, e con 
ventional but adequate criteria of reliability : (o) Essential j e amin 
acid values are obtained for a particular protein irre^ectii e o e amoun 
of sample assayed, thus indicating that the method is sta e to non speci 

stimulatory or inhibitory substances which may be introduce wi ..amp 

(Table RO- This holds for such complex materials as tankage, blood mem, 
and yeast and also for carrots and potatoes which contain o j 
amounts of amino acids and must be added, therefore, m re a i\e j 
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amounts to the assay medium, (b) The results arc readily reproducible, so 
that the same values arc obtained for a given protein in repeated assa.vs 
with fresh h}'drol 3 'sates, different batches of medium, and different opera- 


TAntE IV 

Amino Acid Content of Proteins at Different Assay Levels 
The results are calculated for partially dried material. 


Liver 

per 

assay 

tube 

Tiypiopbane 

Tankfli:e 

per 

assay 

tube 

Threonine 

Peas 

per 

assay 

tube 

V'aline 

AUalfa 

meal 

per 

assay 

tube 


Found 

Content 

Found 

Content 

Found 

Content 

Found 

Content 

ms. 

7 

per cent 

ms. 

7 

Per cent 

mi. 

7 

per cent 

ms. 

7 

per cent 

0.2 

1.8 


0 5 

9 

1 8 


6 

1.2 

5 

1.3 

0.026 

0.4 

3.4 

0.85 

1 0 

18 

1 8 

■I9 

10 

1.0 

10 

2.2 

0.022 

0.6 

5.4 

0.90 

1 5 

28 

1 9 

2 0 

21 

1.1 

15 

3 8 

0 025 

0.8 

7.4 

0.95 

mSm 

40 

2 0 

3 0 

35 

1.2 


5.0 

0 025 

1.2 

10 4 

0 85 

m 

50 

2 0 

4.0 

s 

1.2 


7 5 

0.025 

Average 

0 89 

■ 

■ 

1 90 

miiii 

■ 

1 14 

m 

■ 

0 025 














Table V 

Reproducibilitt/ of Amino Acid Values 


The results arc calculated in per cent, on a dry basis. 


Ammo acid 

Protein 

Assay 1 

Assay 2 

Assay 3 

Assay 4 

! Mean 

Lysine 

Casein 

7 7 

7 8 

7.6 


7 7 


Sov bean (lour, defatted 

3 2 

3 2 

3 4 

3 5 

3 3 


Blood meal 

8 2 

8 5 

8 4 

8 4 

8 4 


Tankage 

4 7 

4 9 

4 S 

4 S 

4.8 

Isoleucine 

Yeast, b^o^^crs’ 

2 4 

2 4 

2 4 


2 4 


Tankage 

1 75 

1 74 

1 89 


1 79 


Silk fibioin 

1 07 

1 17 

1 13 


1 12 

Methionine 

: Wheat, seed 

0 15 

0 17 

0 17 


0.16 


Blood meal 

1 01 

1 01 

1 04 


1 02 


Tankage 

0 84 

0 87 

0 86 


0 86 


Gelatin 

0 59 

0 58 

0 69 


0 59 

Threonine 

Liver, beef 

3 1 

3 1 

3 2 


3.1 


Peas 

1 17 

1 17 

1 24 


1 19 


live, seed 

0 36 

0 36 

0 38 


0 37 


Blood meal 

3 S 

3 S 

3 8 


3.S 


Tankage 

2 1 

2 0 

2 0 



2.0 


tors (Table V). (c) Recoveries of known amounts of amino acids added to 

proteins prior to hj'drotysis are quantitative, generally within ±2 per cent 
(Table VI). (d) Compounds related chemically or physiologically to the 
amino acids, other than a few very closely related e.xceptions, are inactive 
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(Table VII). Thus ornithine and citrulline which can individually replace 
aiginine in the nutrition of certain Neurospora mutants (19) and the chick 
(20) are unable to do so for Streptococcus faecalis. Likewise, the combina- 
tion of choline plus homocystine which can substitute for methionine in the 
growth of the rat (21) and the chick (22) is inactive for S. faecalis. Also, 
indole and anthranilic acid which can replace tryptophane for Lactobacillus 
arabinosus (9, 23) and L. casei (23) are inactive for S. faecalis. This last 
observation simplifies the present trjTJtophane method, since samples do not 
need to be e.xtracted vdth ether and toluene to remove indole and anthranilic 


Table VI 

Recovery of Amino Acids Added to Proteins Prior to Hydrolysis 


The resulta are calculated in mg. per gm. of partially dried material. 


Amino add 

Substance 

■ 

COD“ 

tent 

Added 

Total 

Found 

Per 

cent 

recov- 

ery 

Arginine 

Blood meal 

36 

39.4 

75.4 

76 

B! 1 


Soy bean flour, defatted 

38 

39.4 

77.4 

72 



Gelatin 

80 

83 

163 

162 


Valine 

Casein 

65.6 

61.5 

127.1 

124 

mm 


Blood meal 

68.1 

65 

133.1 

■KiM 



Yeast, brewers’ 

27.5 

30 

57.5 

59.7 


Leucine 

Soy bean flour, defatted 


45 

85.4 

84.2 

99 


Blood meal 

104 

100 



100 


Gelatin 

31.3 

35 

66.3 

65.3 

99 

Phenylalanine 

Casein 

56.5 

50 


ItiM 

100 


Blood meal 

62.5 

50 

112.5 

113 

100 


Yeast, brewers’ 

23.5 

25 

48.5 


104 

Threonine 

Casein 

42.8 

40 

82.8 




Gelatin 

18.8 

20 

38.8 

39.5 

102 


Blood meal 


40 

75.8 

74.3 

98 


Yeast, brewers’ 


30 


57.1 

97 


Soy bean flour, defatted 

20.8 

20 

40.8 

40.4 

99 


acid as is the case with one of the L. arabinosus methods (9). (e) In general, 

the microbiological values for purified and impure proteins are in reasonably' 
good agreement tvith those obtained by the more recent, improved cheim- 
cal methods. The degree of agreement for lysine is characteristic of all of 
the essential amino acids vith the exception of methionine (Table ^TII) for 
which lower microbiological values were obtained, consistently'. In view of 
the remarkable specificity of the microbial response to methionine (Table 
VII) and also to the other amino acids, it seems possible that the higher 
chemical values may' include substances other than methionine. For fur- 
ther comparisons of the microbiological values for the purified proteins and 
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natural products listed in Tables IX and X, with chemical data, reference 
can be made to the recent extensive compilations by Block and Bolling 136). 
If desired, the amino acid values in Table X can be recalculated to express 


Table VII 


yields 




1 Per 

Assay 

' Inactive* 

Active 

cent 


1 



Histidine 

i Histamine, imidazole 



Arginine . . 

Ornithine, creatine, creatinine, dl- 

1 Arginine llavinate 

36.5 


citrulline 



Lysine 

Benzoyl-dMysinc, <-benzoyIamino- 

1 



1 caproic acid, «-benzoylamino-a- 
, bromocaproic acid 





/( — )-Lciicine - 3 - 
naphthalene sul- 



1 

35 5 

fonate 

a-Bromoiaocaproic 




acid 

19 5 

Isoleucinc . ! 

Valine . . 

Xo compounds tested 

F ormyl -/( -f ) -valine 

2-5 

Methionine ' 

Creatine, creatinine, choline, car- 



1 

! 

boxymethylcystcine, choline + 
carboxymethylcysteine, d/-liomo- 
cystine, choline + dl-homocys- 
tine, (-cj'statliioninc, choline + 
/-cystathionine, taurine 



Threonine . | 

0 -Mctliyl- dl -threonine, formyl-o- 



1 

1 

1 

methyl -rfi-threonine, X-bcnzoyl- 
dl - threonine, X-benzoyl-o- 
methyl-rf^-threonine, a-bromo-^- 
methoxybutyric acid 



Tryptophane 

Benzoyl -d/-tryptophane, indolcal- 

d/-Tryptophane 

50 

! 

i 

dehyde, 2-carbo\yindoIe, 2-car- 
bethoxyindole, indole, anthra- 
nilic acid 

methyl ester 



Phenylalanine | 


a-Bromo-P-phenyl- 

67 

I 


propionic acid 







* Less than 0.25 per cent (weight basis), 
t Weight basis. 


percentages of diy weight of sample by multiplying each value by the factor 
(per cent nitrogen)/16. 

Investigation of the effect of 5 to 30 hours of acid hydrolysis on hberation 
of each of the essential amino acids, except tryptophane, from representative 
protein materials indicates that autoclamng for 5 hours is sufficient to give 
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Table VIII 


Comparison of Microbiological Amino Acid Values of Proteins tcilh Those Cited in 

Literature 



Lysine 

Methionine 

Protein 

Per 
cent 
of drj* 
weight 

Per cent of 
dry weight, 
literature 
values 

Biblio' 

graphic 

reference 

Per cent 
of dry 
weight 

Per cent of 
dr>’ weight, 
literature 
values 

graphic 

reference 

Purified 

Qasein 

7.7 

6.25, 6.5, 

(25, 26, 

2.6 

3.17, 2.86 

(27, 28) 




8.3 

2) 





Gelatin 

5.8 

5.9 

(29) 


0.8,* 1.13 

(30, 31) 


Bgg albumin 

6.6 


(32) 

4.1 

5.25, 4.58 

(27, 28) 


P - Lactoglob- 

11.1 


(33, 34) 

2.5 

3.22 

(24) 


ulin 

Silk fibroin 

0.72 


(35, 2) 

0.15 

0 

(36) 


Tobacco mo- 

1.36 

0.0, 1.35 

(37, 38) 


0.0 

(37) 


saic virus 







Impure 

Rye, seed 

4.2* 

4.5, 5.2 

(36) 

1.26* 

2.3, 2.7 

(36) 


Flour, patent 

2.2* 

1.9 

(36) 

mm 

3 

(36) 


Soy bean flour, 

5.4* 

5.4 

(30) 


2.0 



defatted 
Linseed meal 

3.3* 

2.5 

(36) 

■ 

3 

(36) 


Alfalfa “ 

4.9* 

4.2 

(36) 





Yeast 

6.4* 

6.4 

(30) 

1.37* 

2 

(36) 


Whole milk 

8.7* 

7.5 

(30) 

2.1* 

2.8 



Blood meal 

8.8* 

6.2, 6.7, 

(36) 







7.7 






Tankage 

7.2* 

6.0 

(30) 

1.28* 

3 

(30) 


Liver, beef 

6.1* 

6.02 

(39) 

mm 

2.4, 2.9 

(39) 


* Calculated to 16 per cent nitrogen. 


Table IX 

Atnino Acid Content of Purified Proteins 


The results are in per cent, calculated for oven-dried (105°) material. 


Protein 

Histi- 

dine 

Argi- 

nine 

Lysine 

leu- 

cine 

Isoleu- 

cine 

Valine 

Me- 

thio- 

nine 

1 

Threo- 

nine 

TrjT>- 

to- 

phane ^ 

Phen- 

ylala- 

nine 

Casein, S. M. A 

2.8 

3.9 

7.7 

y||>M 

6.6 

6.7 

2.6 

4.2 

1.07 

5.9 

Gelatin. Knox 

0.58 

9.1 

5.8 

bH 

1.72 

2.7 

0.59 


0.021 

2.3 

Egg albumin 

2.3 

5.9 

6.6 


7.0 

7.0 

4.1 

3.6 

1.41 

7.9 

fl-Lactoglobulin . 

1.50 

2.8 

11.1 

15.3 1 

7.0 

5.5 

2.5 

4.6 

2.1 

4.3 

Silk fibroin . 

0.41 

1.11 

mma 

0.93i 

1.15 

3.5 

0.15 

1.36 

tilKl 

1.49 

Tobacco mosaic virus. . . 1 

<0.02 

1 

8.9 

1.36 

7.5 j 

6.7 

7.0 


8.7 

2.3 1 

6.8 


ffiaximuiii amino acid values. The data in Table XI are For some 

of the proteins, there is evidence of slight destruction or racemization of 
some of the amino acids after 30 hours. The results are in accord ■with 
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similar microbiological data of other investigators (7, 8, 10) and emphasize, 
unequivocally, in contrast to conflicting chemical data (36), the marhed 
stability of the amino acids to acid h}'drol 3 'sis. Since periods of hi’drolysis 
considerably in excess of those required for nia.\imum liberation of amino 
acids from proteins cause no apparent destruction, the data support the 
view that the amino acid values of protein hy'drolysates are the same as 
those of the intact proteins. 


Table X 

Ammo Acid Content of Natural Products 


Per c«nt, calcuUtfd to 16 p«r cent nttrogen, on dr> basis 


SubsUoce 

Nitro- 

gen 

Histi 

dine 

Argi- 

ntne 

L3rsise 

Leu 

cine 

Isoteu 

cine 

|\ aline 

Me- 

thio- 

nine 

Threo 

nice 

Tryp- 

to- 

phane 

Pbe> 

yUla 

nine 


/r/ 

rf/it 



















■ 


o/dfv 

trfickt 



















■ 

Rje, seed 

1 

95 

1 

72 

4 

3 

4 

2 

6 

2 

4 

0 

5 

0 

1 

26 

3 

0 

1 

31 

m 

Wheat, seed 

2 

22 

2 

0 

4 

2 

2 

9 

6 

8 

3 

6 

4 

5 

1 

20 

2 

5 

1 

37 

m 

Flour, patent 

2 

2S 

I 

54 

3 

1 

2 

2 

7 

5 

3 

7 

4 

2 

0 

96 

2 

5 

0 

9S 

5 6 

Soy bean flour, do- 






















fatted 

9 

32 

2 

3 

7 

1 

5 

4 

7 

4 

4 

5 

4 

6 

0 

84 

3 

9 

1 

20 

5 3 

Linseed meal 

6 

94 

1 

50 

s 

4 

3 

3 

5 

3 

4 

2 

5 

1 

0 

81 

3 

0 

1 

46 

S 2 

Alfalfa “ 

2 

90 

1 

21 

3 

1 

4 

9 

6 

6 

3 

6 

4 

4 

0 

15 

3 

3 

1 

44 

4 1 

Carrots 

1 

30 


74 

0 

68 

1 

14 

4 

S 

2 

9 

3 

4 

0 

56 

2 

7 

E 

24 

2 8 

Peas 

4 

76 

1 

21 

8 

9 

5 

0 

6 

4 

4 

1 

4 

0 

0 

43 

3 

9 

c 

71 

4 8 

Yeast, brewers’ 

9 

14 

2 

1 

4 

5 



7 

1 

4 

1 

5 

4 

1 

37 

5 

1 

1 

05 

4 4 

Whole milk 

4 

34 

2 

4 

3 

6 



9 

9 

5 

1 

6 

6 

2 

1 

4 

0 

1 

32 

5 S 

Blood meal 

14 

96 

5 

63 

4 

2 



12 

2 

1 

13 

7 

7 

1 

11 

4 

1 

1 

28 

7 3 

Tankage 


75 

2 

4 

5 

9 



D 

1 

2 

7 

5 

4 

1 

28 

3 

1 

0 

S3 

4 2 

Liver, beef 

12 

9S 

1 

87 

3 

4 




1 

4 

0 

5 

7 

2 

m 

3 

8 1 

1 

38 

5 3 

Potatoes, peeled* 








Per cent of dr> 

weight 









0 

io| 

0 37 

0 33 

0 56j 

0 29 

0 46 

0 09 

0 37 

0 13 0 43 


• The results are not calculated to 16 per cent nitrogen because of difficultj m 
obtaining concordant nitrogen values 


For tryptophane assajm tvith Lactobacillus arabinosus, BafOH)™ (9) o’" 
enzyunatic digestion of pioteins (3) has been recommended. Although ir- 
regular results have been reported -with NaOH digestion (3), it has proved 
satisfactory under our conditions. To insure complete liberation and race- 
mization of tryptophane, it is necessary to hydrolyze proteins for at least lO 
hours (Table XI) and to limit the sample to an amount n hich does not con- 
tain more than 10 to 15 mg. of tryptophane. There is little danger 
of e.\ceeding that quantity if not more than 0.5 gm. of impure or 100 mg. ot 
purified protein is used. 
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The described method is eminently suitable for obtaining many analyses 
within a short time. One experienced operator can assay six proteins for 
all essential amino acids in little more than a we?k. The techniques re- 
quired are relatively simple although elementary knowledge of bacteriologi- 
eal technique is essential in maintaining purity of stock cultures and pre- 
venting contamination of assays. 


Table XI 

E^ect 0} Time of Hydrolysis on Ltheralton of Ammo Acids from Proteins 


The results are calculated in per cent, on a dry basis. 


Ammo aad 

Protein 

5 

Hrs 

10 

of hydro 

15 

ilysis* 

20 

30 

Threonine 

Casein 

4 1 

4 1 

4 1 

3 9 

3 8 

1 

Blood meal 

3 7 

3 8 

3 7 

3 5 

3 6 


Yeast, brewers’ 

3 1 


3 0 

2 9 

2 7 

Histidine 

Gelatin 

0 59 


mi 

0 58 



Wheat, seed 

0 39 



0 36 



Blood meal 

5 4 

5 5 

5 3 


5 4 

Methionine 

Casein 

2 6 1 

25 1 

2 4 

2 3 

2 2 


Blood meal 

1 00 


1 02 

0 97 



Yeast, brewers’ 

0 79 


mtwirm 

0 76 

0 74 

Tiyptophane 

Casein 

1 18 1 

1 16 

111 

1 08 

1 04 

1 

Wheat, seed 



oa 

0 18 

■MM 


Liver, beef 

1 31 


1 1 10 

1 15 


1 

Egg albumin 


1 41 

1 

I 

1 41 

1 


/9-LactoglobuIin 


1 2 1 


2 1 



Tobacco mosaic virus 


2 4 


2 2 

2 2 

Phenylalanine 

Casein 

5 7 

5 7 

5 4 

5 5 

5 4 


Blood meal 

6 9 

6 7 

6 7 

6 6 

6 2 


Yeast, breuers’ 

2 6 


2 5 

2 5 

2 3 


* Autoclaved at 15 pounds steam pressure (121°) 


The authors are greatl)’’ indebted to the following individuals for generous 
supplies of invaluable compounds: Dr. W. H. Stein and the late Dr. INIax 
Bergmann, Rockefeller Institute, for egg albumin, silk fibroin, ^-lactoglob- 
ulin and l(-)-serine; Dr. W. C. Rose and Dr. Madelyn Womack, Univer- 
sity of Illinois, for 1(— )-phenylalanine, d(-l-)-phenylalanine, i(— )- 
methionine, d(-i-)-methionine, and dl-arginine; Dr. M. S. Dunn, Universitj" 
of California, for dZ-citiulline; Dr. C. M. Lyman, Texas Agricultural Ex- 
peiunent Station, for l(-}-)'isoleucine; Dr. W. 3M. Stanley, Rockefeller 
Institute, for tobacco mosaic virus; Dr. V. du Wgneaud, Cornell Universitj' 
Medical College, for dl-homocj’stine and Z-cj'stathionine; Dr. W . ^ . ^loj'cr, 
A. E. Staley Manufactuiing Company, for 1(— )-phenj'lalanine and l(-i- )- 
isoleucine; Dr. C. P. Berg, State Univereity of Iona, for l(-)-methionine; 
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and Dr. E. E. Howe, Dr. M. Tishler, and Dr. S. A. Harris, Merck Labora- 
tories, for many of the compounds listed in Table VII. 

SUMMARY 

An accurate, specific, and sensitive microbiological method is described 
for the determination of the ten essential amino acids, namely histidine, 
arginine, lysine, leucine, isoleucine, valine, methionine, threonine, t^to- 
phane, and phenylalanine, in foodstuffs and other natural products as well 
as in purified proteins and s}’nthetic amino acid mixtures. A complete 
amino acid analysis can be made with 1.5 gm. or less of sample. With only 
one medium and procedure, nine of the amino acids are determined with 
Streptococcus faccalis and phenylalanine with Lactobacillus delbruckii LD5. 
The response of the two organisms to the amino acids is measured by 
titrating, with standard alkali, the lactic acid formed during growth. The 
method yields many replicate results within a short time and lends itself 
readily to routine use. The quantities of essential amino acids in casein, 
gelatin, egg albumin, /3-lactoglobulin, silk fibroin, tobacco mosaic virus, lye, 
wheat, patent flour, soy bean flour, whole milk, peas, carrots, potatoes, beef 
liver, brew'ers’ yeast, blood meal, tankage, alfalfa meal, and linseed meal are 
presented. 
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A SPECIFIC MICROMETHOD FOR THE COLORIMETRIC 
DETERMINATION OF GLYCINE IN BLOOD AND URINE* 

BENJAMIN ALEXANDER, GRETA LAXDWEHR, and 
ARNOLD M SELIGMAN 

(From the Medical and Surgical Research Laboratories, Beth Isiael Hospital, and the 
Departments of Medicine and Sutgery, Harvard Medical School, Boston) 

(Received for publication, April 26, 1945) 

Recently we described a method for the determination of alanine based 
upon its conversion into acetaldehj^de by the action of mnhj^drin (1). A 
method for the measurement of glycine has been devised which involves 
its conversion by ninhydrin to formaldehyde; the latter is then measured 
by its reaction with chromotropic acid. 

Earlier methods for the measurement of glycine are less sensitive and 
specific than the one here proposed. In 1902 Fischer (2) described a pro- 
cedure for the gravimetric determination of glycine by isolating it from 
protein hydrolysates. Other gravimetric methods were devised by Town 
(3) and Bergmann and Fox (4). The former added nitranilic acid to a 
protein hydrolysate containing glycine and weighed the insoluble glyco- 
coll nitranilate thus obtained. The hydrolysate had to be freed of many 
inorganic salts which interfered ndth the precipitation. Bergmann and 
Fox (4) used trioxalatochromiate to produce an insoluble compound with 
glycine. All of these methods are too insensitive to be applicable to biologic 
materials in which the amounts of glycine are very small. 

Zimmermann (5) reported a colorimetric method for glycine based upon 
its reaction with o-phthalic dialdehyde. The method was subsequently 
improved by Klein and Linser (6) and Patton (7). Man5’’ substances 
other than glycine, such as histidine, histamine, arginine, cysteine, ti^TfO' 
phane, and ammonia, gave similar reactions and consequentlj' had to be 
removed before the addition of the dialdehyde. The sensitivity of the 
method was limited to a minimum of about 1 mg. of glycine. 

The reaction between a-amino acids and ninhydrin has been clearly 

* The work described in this paper was done under a contiact, recommended b> the 
Committee on Medical Research, between the Office of Scientific Research and 
DcNelopment and Harvard Universitj It was also aided bj a grant from the Jo=iah 
hlacv, Jr , Foundation 

Shortly before this communication was submitted, a paper bj Douglas 
MacFadyen appeared in the March issue of the Journal of Biological Chcmistru, P 
107, on the measurement of formaldehjde bj the use of chromotropic acid . ac- 
Fadjen defined conditions under which, bj action of ninhjdnn and chromotropic 
acid, 0 96 mole of formaldehj'de per mole of glj cine could be measured 
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and Glycine (Figs. 2 and 3 ) — The intensity of color obtained by allo^mg 
formaldehj’de’ to react with chromotropic acid was directly proportional 
to the concentration of the former. This was also true for a pure solution 
of glycine when subjected to the procedure outlined above. The glycine 
curve could be superimposed on that obtained for formaldehyde when due 
allowance was made for stoichiometric difference. 

Sensitivily of Method — ^As little as 0.2 y of formaldehyde, representing 
0.5 y of glycine, can be measured with the Eveljm photometer. This 

•OETTR 



Fig. 2. Relationship between intensity of color and equivalent amounts of 
formaldehyde and glycine. 540 mn filter. 

corresponds to a minimum concentration of glycine in blood of 0.2 mg- 
per cent. 

Specificity of Method — Eegriwe (10) described the remarkable specificity 
of the reaction between fonnaldehyde and chromotropic acid. Among 
many other naturally occurring substances only a few, such as glyceralde- 
hyde, arabinose, fructose, and cane sugar, give any color. The color 
obtained from them was yellow, whereas the color from formaldehyde is 
rose-pink. Furfural in high concentrations also gives a pink color. These 
substances cannot interfere with the determination of glycine as outlined 
above, because they are not volatile -with steam (irith the possible e.vception 
of furfural). 

» 200 mg. of trioxymethylene were dissolved in 1 liter of distilled water. Under 
the influence of the strong sulfuric acid used in the reaction, trioxymethylene was 
converted quantitatively to fonnaldehyde. 
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Boyd and Logan (11) report that 10 per cent of glucosamine can be 
hydrolyzed by strong mineral acid to give formaldehyde. Although 
glucosamine may exist in blood, there is no evidence of its breakdown to 
yield formaldehyde under the conditions of our method. The distillation 
of urine alone, however, yields a small amount of formaldehyde, as deter- 
mined with chromotropic acid. Since glucosamine must be hydrolyzed 
with 7 N hydrochloric acid for 24 hours before as much as 10 i>er cent of it 
is broken down to give formaldehyde, it is unlikely that a 15 minute distil- 


2-LOG C 



Fig. 3. Calibration curve for glycine obtained with 565 and 540 nvi filters with the 
Evelyn photometer. Correlation between analyses of multiples of blood filtrate, 
of urine, and of glycine. 


lation of diluted urine at a pH of 5.5 can result in appreciable amounts of 
formaldehyde on this basis. 

No formaldehyde is obtained when the following substances are subjected 
to the method for glycine determination: aspartic acid, alanine, tjTOsine, 
lysine, leucine, isoleucine, norleucine, tryptophane, ornithine, threonme, 
phenylalanine, proline, hydroxyproline, methionine, c}'stine, c} steine, 
homocysteine, valine, norvaline, diiodotjwosine, arginine, seime, p- 
alanine, glutamic acid, a-aminoisobutyric acid, ^-amino-n-butj’ric acid, 

benzoylalanine. 

Alanylglycine interferes to the extent that 5 equivalent parts are required 
to give the same color intensity as 1 part of glycine. It is unlikelj that 
our alanylglycine was hydrolyzed as a consequence of the reaction, since 
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Table I 


Duplieabilit]/ of Glycine Delerminaliom on Blood and Urine 


Materul 

Specimen No. 

Paired glyctne determinations 

Deviation 



y per m2. 

y per m2. 

per cent 

Blood 

1 

23.8 

21.4 

10 



44.8* 

47.2* 

6 



67.6* 

67.1* 

1 


2 

20.0 

19.4 

3 



65.2* 

64.4* 

2 


3 

20.0 

19.5 

3 



69.2* 

6S.0* 

2 


4 

27.2 

27.2 

0 



44.0* 

44.8* 

2 



62.0* 

61.6* 

1 



74.8* 

73.2* 

3 


5 

41.3* 

37.3* 

10 



59.3* 

54.1* 

9 

Urine 

6 

232 

232 

0 



328* 

314* 

4 


7 

177 

171 

3 



344* 

364* 

6 



560* 

550* 

2 

Average 

4 


* Glycine added. 


Table II 


Duplicabiliiy of Glycine Determinations on Aliquots of Same Blood 


Glycine 

Deviation from mean 

7 per mJ. 

Per cent 

26.4 

+4 

24.2 

-4 

26:2 

+4 

25.4 

0 

23.2 

-8 

25.4 

0 

25.2 

0 

24.5 

-3 

27.0 

+7 

25.3 (Mean) 

±3 (Average) 


we were unable to detect any alanine in the reaction mixture. Accordingly 
we suspect that our alanylglycine was contaminated with some glycine. 
Among criteria commonly used in establishing the specificity of a new 
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analytical method is that in which measurements of the substance in 
question are made on multiples of the material to which the method is 
applied. The results of these determinations should be superimposable 
on those obtained on multiples of the pure substance when they are plotted 
on the same scale. The analyses of multiples of blood filtrate and urine 
(Fig. 3) coincide almost perfectly with determinations on a solution of pure 
glycine. 


Table III 


Recovery of Glycine Added to Blood and Urine 



Gtycine added* 

Recovery of added glycine 


y ptr mi. 

per cent 

Blood 

20 

104 



94 


40 

99 



86 


40 

93 


50 

91 


SO 

97 


50 

105 


20 

104 


50 

87 


20 

89 


40 

95 

Urine 

100 

96 


100 

89 


200 

1 94 

1 


* The concentration of glycine in blood and urine was 20 to 30 r and 150 to 2-10 y 
per ml. respectively. 


Duplicability of Method and Recovery of Added Glycine {Tables I to III) 
The largest discrepancy between duplicate determinations of glycine was 
about 16 per cent. Most of the discrepancies fell within 6 per cent and the 
average deviation was 4 per cent. It was possible to recover 86 to 105 
per cent of glycine added to blood or urine in amounts comparable to 
those originally present. 


Comment 

. ^ formaldehyde produced by the action of ninhydrin on the glj cine 
111 a protein-free filtrate of blood is not removed rapidljs substantial 
of formaldehyde occur. This may be due to interaction between fonnalde- 
yde and other amino acids which may not have been as rapidi} con' erte 
^ glycine into their respective aldehydes. It has been shown (14) t t 
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formaldehyde exhibits a great afBnity for certain amino acids, particularly 
those with SH or OH groups in the position. Losses are greater at pH 4 
and 7 than at pH 5.5. Our experience rsuth glycine determinations at 
these pH levels is in accord nuth these findings. 

The addition of more water during the distillation is necessary to assure 
complete recovery of formaldehyde. In dilute solution this substance 
exhibits very low volatility. This property is the basis for methods of 
separating other aldehydes by aeration (1, 14) from formaldehyde. 

In order to avoid losses which may arise in the distillation of volatile 
aldehydes, the distillate usually is collected into bisulfite. Because of the 
low volatility of formaldehyde in very dilute solution, it can be distilled 
without loss when bisulfite is omitted. Since this reagent interferes 
markedly mth the development of color, its omission is advantageous. 

Certain facts concerning the reaction between chromotropic acid and 
formaldehyde are noteworthy. Eegriwe (10) and Boyd and Logan (11) 
state that strong sulfuric acid and heat are necessary to develop the color. 
They run the reaction in about 75 per cent sulfuric acid and heat for 10 
minutes. Eegriwe (10) can detect as little as 1 part of formaldehyde in 
250,000. Boyd and Logan (11) can measure about 50 y of formaldehyde 
in 17 ml. of aqueous distillate (3 parts in 1 million). 

We have found that within certain limits the concentration of sulfuric 
acid determines the rate of the reaction between chromotropic acid and 
formaldehyde. When the ratio of acid to formaldehyde solution is 6:1, 
the color appears almost immediately; with a ratio of 2: 1 the time required 
to complete the reaction is 10 minutes. 30 minutes are necessary when 
the ratio is 4:5, and in proportions of 3:5 more than 1 hour is necessary. 
The intensity of color, however, is not affected. 

By using a ratio of 4 of acid to 5 of aqueous formaldehyde solution, the 
sensitivity of the method is increased over that of Elegriwe (10) and Boyd 
and Logan (11), since larger amounts of formaldehyde may be measured in a 
relatively smaller total volume of reaction mixture. In this way and by 
using an Evelyn photometer one can measure as little as 0.04 y of formalde- 
hyde per ml. H part in 25 million). 

Efforts to increase the sensitivity by using fuming, instead of concen- 
trated, sulfuric acid or by adding inorganic salts of sodium, potassium, iron, 
nickel, copper, or zinc were unsuccessful. 

SUMMARY 

1. A method for the colorimetric determination of glycine in blood and 

urine is described. , j i, j 

2. The method is also applicable to the determination of formaldeiiyae. 
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A NEW REAGENT FOR THE DETERMINATION OF SUGARS 
Bt MICHAEL SOMOGYI 

(From the Laboratory of the Jewish Hospital of St. Louis, St. Louis) 
(Received for publication, May 28, 1945) 

For the determination of sugars several satisfactory methods are avail- 
able, which are based on the oxidation of sugars either by cupric or ferric 
compounds in alkaline solutions. Our preference is for copper reagents 
mainly because they oxidize sugars more selectively than iron (ferricyanide) 
solutions. This is well illustrated by the fact that in blood filtrates 
deproteinized by the Folin-Wu method substances other than sugar 
reduce from 2 to 4 times as much iron as copper (1). On the other hand, 
ferricyanide possesses the virtue that, in contrast to cuprous oxide, it is 
not reoxidized by atmospheric oxygen once it is reduced to ferrocyanide. 
It is possible, however, to protect cuprous oxide against reoxidation by 
saturating the reagent solutions with sodium sulfate. By preventing 
reoxidation in this manner, it had become possible to determine wth 
copper reagents as little as 0.01 mg. of glucose or any other sugar of an 
equal reducing power (2). 

A detailed study of the Shaffer-Hartmann type of alkaline copper 
solutions (3) yielded considerable information in regard to the effect of 
the several constituents of these solutions upon the reduction equivalents 
of sugars. In the main it was shown that the lower the alkalinit 5 ’’, the 
higher the reduction values obtained; hence smaller quantities of sugars 
can be determined. Diminishing alkalinity, however, also entails decrease 
in the rate of oxidation and hence prolongation of the time required for 
heating the reaction mixtures. This is a source of difficult 3 ’' when sugars 
are to be determined which react more slowly than glucose. In conse- 
quence, a “high alkalinity” copper reagent had to be prepared for the 
determination of maltose and other slowly reacting sugars. 

Another findin g of practical interest concerns the effect of potassium 
iodide, an ingredient of the Shaffer-Hartmann reagent. It was found 
that potassium iodide renders a small part of the cuprous ions soluble, 
thereby increasing the surface e.xposed to reoxidation and limiting the 
sensitivit 3 ’’ of the reagents in the low ranges of sugar concentrations. The 
presence of iodide also makes these reagents unsuitable for colorimetric 
work. In the absence of potassium iodide, on the other hand, the reagents 
are unstable and are subject to self-reduction; so that cuprous oxide 
eontinually settles out at room temperatures, especially' when exposed 
to sunlight. The instability^ also manifests itself m the poor reproduci- 
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bility of analytical results at tho lower sugar concentrations. If tartrate 
is replaced by citrate in the reagent, this instability is completely elimi- 
nated j this advantage, however, is nulh'fied by the fact that citrate causes 
a great decrease in the reducing power of sugars, so that the reagent 
becomes unsmtable for microanalysis. 

New Reagent 

On account of these facts we had to use in our laboratory four varieties 
of alkaline copper-tartrate reagents, each serving a specific purpose. 
Recently we devised a reagent ■which unites the advantages of all four. 
It is sufficiently alkaline to allow the determination of maltose and other 
slowly reacting sugars; it contains no potassium iodide and yet is stable 
and shows no self-reduction at room temperatures even when exposed to 
direct sunlight; its high sulfate content and the absence of iodide ■virtually 
rule out the reoxidation of cuprous oxide. The absence of iodide also 
makes the reagent available for colorimetric work. In addition, the useful 
range of the reagent is greatly extended, so that a single reagent can be 
used for the determination of as little as O.OI mg. and as much as 3.0 
mg, of glucose or other sugars of equivalent reducing power. The 'results 
are gratifyingly consistent and reproducible even at the very lowest sugar 
concentrations. 

The principal departure in the new reagent from the old is that the 
■onate-bicarbonate buffer mixture was replaced by a phosphate buffer 

. on, consisting of approximately 0,] m dibasic and 0.1 m tribasic 
sodium phosphate. Since it is known that any change in the concentration 
of any constituent of alkaline copper solutions influences the reaction with 
sugars (3), we have systematically examined the effect of varying concen- 
trations of copper, of tartrate, and of phosphate. The concentrations 
finally settled upon represent the most favorable conditions as regards 
buffer action, stability, and sensitmty of the reagent. 

Constituents of Reagent — 1 liter of the solution contains 28 gm. of anhy- 
drous disodium phosphate, 100 cc. of normal sodium hydroxide, 40 gm. of 
Rochelle salt, 8 gm. of cupric sulfate (crj'stalline), and 180 gm. of anhydrous 
sodium sulfate. 

Preparation — The phosphate and tartrate are dissolved in about 700 
cc. of water, the sodium hydroxide is added, and then, \vith stirring, 80 
cc. of a 10 per cent copper sulfate solution are introduced. Finally the 
sodium sulfate is added and, when dissolved, the solution is diluted to 1 
liter and allowed to stand for a day or two, during which time impurities 
separate out. The clear top part of the solution is decanted and the re- 
mainder filtered through a good grade of filter paper. As stated before, 
this reagent keeps indefinitely ^with no sign of deterioration. 
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Colorimetric Technique 

The iodometric determination of reduced copper is undoubtedly superior 
to the colorimetric technique, but only so far as visual (Duboscq type) 
colorimeters are concerned, and so long as the density of the color to be 
measured is relatively unstable. The photoelectric measurement of 
color density and the development of an improved color-produeing reagent 
by Nelson (4), however, have eliminated the imperfections of the colori- 
metric technique when it is to be employed for microanalysis. In an 
adaptation of our micro reagent to photometric work. Nelson even extended 
the useful range of the reagent down to the determination of 5 y of glucose, 
whereas mth the iodometric technique 10 y are about the limit. The 
improvement was attained by means of a new arsenomolybdate reagent 
devised by Nelson, which produces a color of higher intensity and greater 
stability than the older phosphomolybdate reagents. The use of Nelson’s 
reagent in combination with the new copper-phosphate reagent is a further 
improvement of the colorimetric technique. 

Analytical Procedure — In a 16 X 150 mm. test-tube 2 cc. of the reagent 
and 2 cc. of sugar solution are mixed; the test-tube is covered with a glass 
bulb (dime store “marbles” are satisfactory), immersed in a boiling water 
bath, and heated for 10 minutes. After coohng. Nelson’s chromogenic 
reagent is added, and the colored solution is diluted to a defim’te volume, 
from 10 to 25 cc., marked on the test-tube. The degree of dilution depends 
on the density of color. This colorimetric technique is as a matter of 
fact serviceable only as a micromethod, if, as it should be, extensive dilu- 
tions are to be avoided. Another limitation of the colorimetric technique 
is that it can be used only when the sugar solution is perfectly transparent 
and colorless. Thus, for example, for the determination of the reducing 
power of the milky or opalescent diastatic cleavage products of starch 
the colorimetric technique is unworkable. 

Iodometric Technique 

For the iodometric measurement of the reduced copper the analysis 
may be started in the same manner as for the colorimetric technique; that 
is to say, as a general rule a measured volume of sugar solution is heated 
'nth an equal volume of the copper-phosphate solution. After cooling, 
a precisely measured amount of a standard potassium iodate solution and 
an appropriate amount of potassium iodide are added, the mi.vture is acid- 
ihed, and, after complete oxidation of the cuprous copper, the free iodine 
is titrated "ith a thiosulfate solution. The procedure is some'vhat simpli- 
fied by incorporation of the {jotassium iodate in the copper solution. If 
25 cc. of normal iodate are included in 1 liter of reagent, it is suitable for 
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the determination of any glucose solution containing from 0.2 to 60.0 
mg. of the sugar per 100 cc.; i.c., from 0.01 to 3.0 mg. per 5 cc. of solution. 
This is a suitable reagent when the amount of glucose is between 2.0 and 
3.0 mg. per 5 cc. of solution, but would lead to long, tune-consuming 
titrations uitb lower glucose concentrations. For this reason it is best to 
prepare the copper reagent ivithout the inclusion of iodate, and to add 
the latter to an aliquot of the basic solution only in such quantities as 
the anticipated range of glucose concentrations requires. Thus if the 
e.vpected maximum concentration is not above 0.5 mg. per 6 cc. of solution, 
onl3' about 5 cc. of normal iodate should be added to 1 liter of the reagent, 
and 10 cc. of iodate unll be adequate if the amount of glucose does not 
exceed 1.0 mg. per 5 cc. of solution. 

The analytical procedure is carried out os follows: 5 cc. of the reagent 
and 5 cc. of the sugar solution are mixed in a 25 X 200 mm. Pyrex test-tube, 
covered with a glass bulb, and heated bj’ immersion in a vigorouslj' boiling 
water bath. The length of time required differs for different sugars. 
After cooling, potassium iodide is added. The amount of the iodide must 
be commensurate with the amount of the iodate. When the reafent 
contains 5 cc. of normal iodate per liter, 0.5 cc. of 2.5 per cent irdide 
suffices; when the iodate is 10 cc. per liter, 1 cc. of the iodide soluticn is 
added; for higher iodate content, 2 cc. of iodide solution are required, 
he potassium iodide solution may be prepared in advance; if alkalinized 
'th a knife tip of sodium carbonate; it keeps for a long time without 
ecomposition. The iodide solution is added by running it from a pipette 
down the wall of the test-tube, without stirring or agitation. Following 
this, about 1.5 cc. of approximately 2.0 n sulfuric acid are added; the 
acid is rapidly dropped, rather than peimitted to flow into the test-tube, 
wdth simultaneous agitation, so that the entire contents of the tube are 
mixed and acidified at once. A pipette rvith a wde opening (cracked-off 
tip) serves the purpose. For titration 0.005 n thiosulfate is used. This 
is prepared from time to time by dilution from a 0.1 N stock solution. 
When making the dilution, we add about 2 cc. of 10 per cent sodium 
hydroxide to 1 liter of solution for protection against atmospheric carbon 
dioxide. 

Rate of Oxidation of Glucose — ^As shown in Fig. 1., the oxidation of glucose 
with the new reagent is quite rapid; when 5 cc. of a glucose solution are 
heated rvith 5 cc. of the reagent in a boiling water bath, in 3 minutes 67 
per cent and in 5 minutes 97 per cent of the oxidation is accomplished, 
and in 8 minutes the reaction is complete. 10 minutes time as the standard 
heating period leaves a liberal margin of safety. For comparison, in 
Fig. 1 is included the reaction rate curve of Reagent 50 of Shaffer and 
Somogyi, in which 25 gm. of sodium carbonate and 20 gm. of bicarbonate 
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constitute the alkali. It may be noted that with this reagent it takes 
16 minutes to attain about the same stage of the reaction as is reached 
with the new reagent in 8 minutes. Wlien 18 per cent of sodium sulfate 
is incorporated in Reagent 50, in order to make it more comparable with 
the new reagent, the rate of reaction suffers a further decrease, so that it 
takes 24 minutes to reach the same stage which is reached by the other 
two reagents in 8 and 16 minutes, respectively. As the alkalinity of the 
reagent decreases, and the reaction slorvs down, the amount of copper 
reduced by sugars increases (in the carbonate-bicarbonate reagent, which 
contains sodium sulfate, prevention of reoxidation accounts for part of 
the increase in the reduction value). This advantage of low alkalinity is 
sacrificed by increasing the alkalinity, but this is amply compensated by 



Fig. 1. Rate of copper reduction by glucose with three different reagents. Curve 
1, Cc?? reagent; Curve II, Reagent 50 of Shaffer and Somog^'i with addition of IS per 
cent sodium sulfate; Curve III, Reagent 50, unaltered. 

shorter reaction time and, tvhat is more important, bj’’ improvement in 
the consistent reproducibiUtj’’ of the results. 

Reduction Equivalent of Glucose — ^Different quantities of glucose, in 5 
cc. of solution, were heated with 5 cc. of the reagent for 10 minutes in a 
boiling water bath. A pair of blanks (5 cc. of water with 5 cc. of reagent) 
was heated with each batch. Titration was carried out as described before. 
The titration values, listed in Table I, are the differences between titration 
of blank and titration of the reagent-sugar mixtures. These figures are 
equivalent to cc. of 0.005 x copper reduced by glucose. 

As may be noted, direct proportionality prevails between the amounts 
of glucose and the amounts of copper reduced. The proportionalit> is 
perfect within the limits of 0.05 and 3.0 mg. of glucose, but below 0.05 



66 


NEW StfGAR REAGENT 


mg. the reduction equivalents tend to increase to an insignificantly slight 
degree. The equivalent of 1.0 mg. of glucose is 7.40 cc.; hence each cc. 
of the litralion value corresponds (o 1.0/74 = O.ISB mg. of glucose. Multi- 
plication of this factor by the titration value gives the amount of glucose 
that was present in 5 cc. of solution. 


Table I 

Reduction Equivalents of Various .itnounls of Glucose 



Fig. 2. Rate of copper reduction by maltose with new reagent (Curve I) and with 
Reagent SO of Shaffer and Somogyi (Curve II). 


Rate of Oxidation of Maltose — ^The oxidation of maltose in alkaline 
copper solutions proceeds at a considerably lower rate than the oxidation 
of glucose; so that completion of the reaction in the carbonate-bicarbonate 
copper reagent, which was devised for glucose, is excessively drawn out. 
This was the reason that we had to introduce an additional “high alkalin- 
ity” carbonate copper reagent for studies involving maltose determination 
(5). The new phosphate-copper reagent renders such a special reagent 
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superfluous, for, as may be seen in Fig. 2, it oxidizes 97 per cent of the 
maltose in 12 minutes, and in less than 20 minutes the reaction is complete. 
Cun-e II in Fig. 2 shows the rate of reaction of maltose with Reagent 50, 
of Shaffer and Somogji, to which the same amount of sodium sulfate had 
been added as to the new reagent. As may be seen, the oxidation of 
maltose with this reagent is still rather far from completion after 40 minutes 
of heating. 

Reduction Equivalent of Maltose — ^We have determined ■nith the new 
reagent the reducing power of different amounts of pure maltose. 
Pfanstiehl’s pure maltose was used, with the results given in Table II. 


Table II 

Reduction Equivalents of Various Amounts of Maltose 


MiUose 

1 

O.OOS K copper 

mg. 

ec. 

0.025 

0.09 

0.05 

0.20 

0.125 

0.49 

0.25 

0.95 

0.50 

1.92 

1. 00 

3.85 

2.00 

7.71 

4.00 

15.47 


These figures show a direct proportionality between the quantities of 
maltose and copper reduced, just as in the instance of glucose; 1 cc. of 
0.005 A’ thiosulfate corresponds to 0£6 mg. of maltose, when the analysis 
is executed by the technique standardized for glucose, uith the one 
difference that the heating period is 20 minutes instead of 10. 

Other Sugars — ^As had been shown (3), some sugars, such as galactose and 
arabinose, require the same heating time as does maltose. There are, 
however, other sugars, as for instance lactose and mannose, the reaction 
rate of which is ev'en lower. When the new reagent is to be employed for 
the determination of the latter, a reaction rate curve must first be con- 
structed in order to find the appropriate heating time. 

SUMMARY 

A new alkaline copper reagent for the determination of sugars is pre- 
sented. The alkali in this reagent is an equimolecular mixture of dibasic 
and tribasic sodium phosphate. The solution contains sulfate for the 
protection of cuprous oxide against reoxidation by atmospheric oxj'gen. 

The reagent is suitable for both the iodometric and the colorimetric 
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technique and permits the accurate determination of 0.01 to 3.0 mg. of 
glucose or of 0.03 to 6.0 mg. of maltose by cither technique. 
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DETERMINATION OF BLOOD SUGAR 
Bt MICHAEL SOMOGYI 

(From the Laboratory of the Jewish Hospital of St. Louis, St. Louis) 
(Received for publication, May 28, 1945) 

Several methods are now available by which blood sugar can be deter- 
mined with such precision that the results are reproducible within 1 to 
2 mg. per cent. Thus, it seems that there is scarcely any room for improve- 
ment in this respect. Yet our new copper-phosphate-tartrate reagent 
(1) offers definite advantages in the determination of blood sugar in that 
(a) it is equally suitable for the iodometric and the colorimetric determina- 
tion of cuprous oxide, (b) a single reagent is suitable for macro- and micro- 
analysis, its useful range extending from 0.01 to 3.0 mg. of glucose, (c) 
m the lowest ranges of sugar concentrations the new reagent yields more 
consistent and more closely reproducible results than our copper-carbonate- 
tartrate micro reagent. 

Another change in blood analysis, that we have introduced in our 
laboratory, concerns the deproteinization of blood. To remove non-sugar 
reducing substances along with the proteins, we still find zinc sulfate and 
alkali satisfactory; comparative examinations convinced us that replace- 
ment of zinc by cadmium carries no advantage whatsoever. We have 
found, on the other hand, that substitution of barium hydroxide for sodium 
hydroxide improves the method and expands its usefulness. One advan- 
tage of this modification is that it renders superfluous a separate depro- 
teinization method for plasma and serum. Zinc sulfate with sodium 
hydroxide is good only for whole blood, but fails to deproteinize plasma com- 
pletely; hence for the latter purpose we had to use copper sulfate in. com- 
bination Avith sodium tungstate. With barium hydroxide as the alkali, 
the same reagents which are prepared for the deproteinization of whole 
blood also are adequate for plasma and serum. We attribute this exten- 
sion of usefulness to the considerable adsorptive capacity of the barium 
sulfate that is formed in the reaction. This quality has made the zinc- 
barium precipitation a serviceable method in our laboratory for the purifica- 
tion of urine, of muscle and liver extracts, etc. 

A second advantage of the use of barium hydroxide is that it introduces 
no salts into the blood filtrate or other tissue extracts, a desirable feature 
in several types of studies, as for instance when the extracts must be 
evaporated to small volumes. A third ser^dee rendered by barium hy- 
droxide is that it precipitates anticoagulants, such as fluoride and oxalate, 
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which, if present in solution in too large quantities, as is not infrequently 
the case in clinical blood samples, may interfere with deproteinization. 

Reagents — 5.0 per cent solution of ZnS0<-7H20 and 0.3 N barium 
hydroxide. The accuracy of these concentrations is less important than 
the requirement that the alkali must neutralize the zinc sulfate solution 
precisely, volume for volume, when titration is performed wth phenol- 
phthalein as indicator. To carrj’ out the titration, 10 cc. of the zinc 
sulfate solution are introduced into a flask, diluted with about 100 cc. 
of water, and then the alkali is run in dropwise, under continual agitation, 
until the phenolphthalein turns pink and the color persists for at least 1 
minute. (Rapid titration, with the alkali running in, gives false end- 
points.) On the basis of the titration the solution that is more concen- 
trated is diluted to match the other. 


Table I 

Deprolcinhalion of Blood, Plasma, or Serum at Different Dihttions, with Zinc Sulfate 
and Barium (or Sodium) Hydroxide 


Procedure 
No. 1 

Water | 

1 Blood 1 

0.3 N alkali { 

5 per cent 
Zn50« 

1 Tot»i volume 

Dilution 


cc. 

mgm 

<e. 

ec. 



1 

5.0 


2.0 



l ;10 

2 

7.5 


1.0 




3 

7.0 


0.4 



B S 

4 

7.5 

0.1 

0.2 




5 

3.0 

1 0.2 

0.4 




6 

3.5 

0.1 

0.2 

0.2 


Bifl 


The concentrations of these solutions are so chosen as to make their 
use flexible; ix., the same solutions should be suited for deprotein- 
ization of large as well as small amounts'of blood, down to 0.1 cc. In 
Table I are presented six variants of the deproteinization process, adapted 
to various amounts and dilutions of the blood; it should be obvious, how- 
ever, that these are not stereotyped recipes, so that they may be altered 
to fit any particular condition. 

For deproteinization, the blood is laked in a measured amount of water, 
and the alkali is admixed, 2 volumes for each volume of blood; this is 
followed by 2 volumes of the zinc sulfate solution, and then the mixture 
is vigorously shaken and filtered. If the two reagents are correctly bal- 
anced, precipitation is perfect as manifested by the absence of 
on shak in g and by the rapidity of filtration. The sugar in the blood 
filtrates can be determined with the new reagent either by the lodometnc 
or the colorimetric method, as described in the preceding paper (1). 
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lodomelric Method 

For maMinum accuracy 5 cc. of the reagent are to be used with 5 cc. 
of 1:10 blood filtrate, the latter being prepared as directed under Proce- 
dure 1, in Table I. For microdeterminations in 0.2 or 0.1 cc. of blood 
the proportions of water, blood, and deproteinizing reagents are given 
under Procedures 3 and 4, respectively, in Table I; in either case 5 cc. 
of the filtrate are to be used for analysis in the same manner as in the 
instance of 1:10 filtrates. 

The lowest blood sugar concentration that can be determined by this 
method is 2.0 mg. per 100 cc. of blood, if 5 cc. of 1 : 10 filtrate, contaming 
0.01 mg. of glucose, are used for analysis. If the analysis is carried out 
with only 2 cc. of 1:10 filtrate (and 2 cc. of reagent), then 5 mg. per cent 
are the lowest blood sugar that can be determined. In the micromethod 
8 mg. per cent are the lower limit when 0.2 cc. of blood (5 cc. of 1 : 40 filtrate) 
is used, and 16 mg. per cent when only 0.1 cc. of blood (5 cc. of 1.80 fil- 
trate) is available. 

Calculation of the glucose content from the titration value (denoted 
hereafter as T) is simple, since each cc. of titration value corresponds to 
0.135 mg. of glucose (1). Thus when 5 cc. of 1:10 filtrate (corresponding 
to 0.5 cc. of blood) are used for analysis, the blood sugar equals 0.135T 
X (100/0.5) or in simplified form, blood sugar = B7 X T mg. per 100 cc. 
In the micromethod wth 0.2 cc. of blood, blood sugar = 108 X T mg. 
per 100 cc., and with 0.1 cc. of blood, blood sugar = 216 X T mg. per 
cent. When 2 cc. of 1 : 10 blood filtrate are used with 2 cc. of the reagent, 
blood sugar = 67. 5T mg. per cent. 

Inclusion of potassium iodide in the reagent, as is knoum, upsete t e 
proportionality between the amounts of sugar and of copper reduced an , 
in addition, curtails the usefulness of the reagent at the lowest range o 
sugar concentrations. These two drawbacks may be sufficiently out 
weighed under certain circumstances by the economy in time and wor 
that can be attained by incorporating iodide in the reagent, as m t e 
Shaffer-Hartmann type of reagents. A case in point is the situation in 
clinical laboratories where large numbers of blood sugar determinations 
are to be performed day after day. 

For this purpose 8 gm. of potassium iodide and 25 cc. of norma po ^ 
slum iodate are added to 1 liter of the reagent that had been prepare or 
general use. For analysis 2 cc. of a 1:10 blood filtrate are mi.ve vat 
2 cc. of the recent in an 18 X 150 mm. test-tube, covered, and heated lor 
12 minutes. After cooling, 1 cc. of approximately 2.0 K suhunc acid 
is rapidly added, uith agitation and, after complete clarification o e 
solution, titration with 0.005 N thiosulfate is carried out. An accurate 
10 cc. burette with 0.05 cc. divisions should be used. 
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The titration can be, and should be, carried out with accuracy, since 
the end-point turns udth less than 0.01 cc. of 0.005 n thiosulfate. If 
measurements of the copper reagent and of the blood filtrate and those 
involved in the deproteinization procedure are performed mth adequate 
care, the values obtained for blood sugar are duplicable u-ithin 1 mg. per 
cent. The lowest blood sugar that can be reliably determined with this 
technique is 10 mg. per cent, the highest 600 mg. per cent. Since no 
direct proportionality obtains between reduction values and sugar, the 
reduction equivalents had to be experimentallj' determined; they are 
given in Table II. 


Table II 

Glucose per 100 Cc. of Blood, Corresponding to Titration Values When S Cc. of i'-iO 
Blood Filtrate and 2 Cc. of Copper Reagent’ Arc Heated in 
Water Bath for 10 Minutes 


0.005 K sodium tbiosuiTate 


0.005 N 
thiosul- 
fate 

m 



! OJ cc. 

j 0.4 CC. 

[ 0.5 cc. 

1 0.6 cc. 

1 0.7 cc. 

1 0.8 cc. 

1 0.9 cc. 

Glucose in 100 cc. of blood or plasma 

ce. 

ms. 

ms. 

ms. 

ms. 

ns. 

ms. 

ms. 

ms. 

ms. 

ns. 

0 


11 

IS 

25 

32 

40 

47 

54 

61 

68 

1 

75 

82 

89 

96 


110 


124 

131 

137 

2 


149 

155 

162 

169 

175 


189 

195 

202 

3 


215 

221 

228 

234 

241 


254 

261 

268 

4 

275 

281 

288 

295 

302 


315 

322 

329 

336 

5 

342 

349 

35Q 

363 


376 

383 

389 

396 

403 

6 


416 

422 

429 

436 

443 

449 

456 

462 

469 

7 

476 

482 

489 

496 


510 

516 

523 

529 

536 

s 

543 


o5G 

563 


577 

583 


596 

603 


* Contains 25 cc. of normal KIOj and 8 gm. of KI per liter. 


Colorimelric Method 


For the colorimetric procedure the basic form of the copper reagent is 
used which contains neither iodate nor iodide. As the color-producing 
reagent Nelson’s arsenomolybdate solution (2) should be used. Since 
the amount of glucose in this procedure must not be very high, only 2 cc. 
of 1:20 blood filtrate are needed for analysis, prepared according to direc- 


tions given for Procedure 2, in Table I. 

As in the iodometric procedure, the filtrate is mixed in an 18 X 150 
mm. test-tube wdth 2 cc. of the copper reagent, and the tube is covered 
with a glass bulb and heated in a boiling water bath for 10 minutes. There 
is no need for special tubes with restricted necks (Fofin-Wu tubes), ance 
reoxidation of cuprous oxide with the new reagent is practicaUy nil m 
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ordinary test-tubes. After cooling, Nelson’s reagent is added and the 
solution is diluted to 25 cc., marked on the test-tube. For microanalysis 
mth 0.2 or 0.1 cc. of blood, deproteinization is carried out according to 
directions given in Procedures 5 and 6 (Table I), respectively. The 
further procedure is the same as ■ndth 1:20 blood filtrates, but the colored 
solution is diluted to 10 instead of 25 cc. As to the preparation of the 
arsenomolybdate reagent, and for any further details concerning the 
colorimetric method, the reader is referred to Nelson’s original directions 
( 2 ). 


STJMMAHY 

1. The author’s method of blood deproteinization by zinc sulfate and 
sodium hydroxide was modified by substituting barium hydroxide for 
sodium hydroxide. Advantages of the modification are outlined. 

2. lodometric and colorimetric determination of blood sugar with a 
new copper-phosphate-tartrate reagent is described. 
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THE FREE CHEMICAL GROUPS OF TYROCIDINE 
Bt HALVOR N. CHRISTENSEN 

(From the Department of Biological Chemistry, Harvard Medical School, Boston, 
and the Mary Imogens Bassett Hospital, Cooperstown) New York) 

(Received for publication, June 4, 1045) 

If tyrocidine is assumed to be a peptide of eleven amino acids, ^ including 
among other residues 1 residue each of tyrosine and ornithine, 2 residues 
each of dicarboxylic acids and of labile ammonia (1-3), and if these amino 
acids are joined into a peptide chain by linkages between the a-amino 
and carboxyl groups, then one might predict that the following free groups 
will exist in the molecule: (1) a terminal amino (or imino) group; (2) a 
terminal carboxyl group; (3) a side chain amino group due to the S-amino 
group of ornithine; (4) two side chain carboxyl groups, due to the distal 
carboxyl groups of the dicarboxylic acids, bound to the ammonia residues 
as amides; and (5) a phenolic hydroxyl group. 

On the other hand, there are obviously many other ways in which the 
known residues might be joined together to produce a different collection 
of free groups. In this investigation, evidence was obtained for the exist- 
ence of a free amino group due to the 5-amino group of ornithine, for the 
free existence of the phenolic group, and for the absence of detectable 
quantities of any other free amino or imin o groups. This communication 
does not add to the information about the nature of the free carboxyl 
groups or of the labile anunonia. 

A general statement of the results which have been obtained with the 
procedures employed follows. 

On Amino Groups — S-Methylisothioiu:ea (4, 5) reacted in a few hours 
Wth tyrocidine in methanol at room temperature, to convert the l{+)- 
ornithine residue practically quantitatively to an Z(-l-)-arginine residue, 
wthout producing detectable quantities of other alkyl guanidinium com- 
pounds. After hydrolysis by acid the treated tyrocidine revealed one 
arginine residue per 13 tyrocidine nitrogen atoms, the amount found being 
the same by colorimetric determination based upon the Sakaguchi reaction 
(6) and by determination by liver arginase. The Sakaguchi reaction 
was abolished by the action of arginase. 

On Amino and Phenolic Groups — p-Toluenesulfonyl chloride reacted 
^^dth tyrocidine in pyridine solution quickly to introduce labile p-toluene- 
sulfonyl groups and more gradually to introduce alkali-stable groups. 

' Hotchkiss (1) has advanced evidence for considering the molecule to be about 
twice this size. 
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The derivatives formed by tlie action of aromatic sulfonyl chlorides ivith 
amino and imino groups are generally more resistant to acid hydrolysis 
than peptide links, and are highly resistant to cleavage by alkali. This 
stability has been utilized for the study of the free groups of proteins 
(c/. Gurin and Clarke (7)). About 1 gm. atom of sulfur per’4 gm. atoms 
of nitrogen (exclusive of ammonia nitrogen) could be introduced into tyro- 
cidine. The sulfonyl derivatives surviving acid h 3 ’drolysis appeared to 
include 0-p-toluenesulfonyl-i(— )-tyrosine and S-p-toluenesulfonyl-i(+)- 
ornithine. The crystallization of the latter succeeded in only one case 
and in poor yield. N-p-Toluenesulfonyl derivatives of monoamino acids, 
or of aspartic acid, glutamic acid, proline, or ammonia could not 
be detected. 

On Phenolic Groups — Metliylation of tju-ocidine ivith methyl sulfate 
appeared to produce complete methylation of the phenolic hydroxyl 
group, but no N methylation could be detected. 

The following were prepared as reference substances: 5 -p-toluene- 
sulfonyl-Z(d-)-ornithine, m.p. ••210-215°, the a-benzoyl and of-acetyl 
derivatives of this, m.p. 183° and 153° respectively, di-p-phenylphenacyl 
esters of N-p-toluenesulfonyl-Z('-f-)-aspartio acid and N-p-tolueni^sulfonyl- 
Z(+)-glutamic acid, both melting at 138-141°. 

A catalytic effect of p-toluenesulfonic acid, and to a smaller degree of 
2-naphthalenesulfonic acid, upon the acid hydrolysis of tyrocidine was 
incidentally obseiwed. Introduction of alkali-stable p-toluenesulfonyl 
’ groups into tyrocidine, on the other hand, retarded the acid hydrolj'sis 
of tyrocidine. No catalysis of the hydrolysis of gramicidin by p-toluene- 
sulfonic acid was observed. 


EXPERIMENTAL 


Action of Methyliso thiourea upon Tyrocidine — 500 mg. of S-meth- 
ylisothiourea sulfate were suspended in methanol and 2 milliequivalents 
of sodium methylate in methanol added at 0°. After thorough agitation 
the precipitate was removed and the solution added to 100 mg. of tyrocidine 
hydrochloride^ in 10 ml. of methanol. After 24 hours at room temperature 
the solvent was concentrated to 1 ml. and added to 10 ml. of dilute aqueous 
hydrochloric acid. The precipitate was ivashed repeatedly ivith dilute 
hydrochloric acid, and hydrolyzed as usual for 24 hours. 

The hydrolysate appeared to contain about 5 mg. of alkyl guanidinium 
compounds expressed as arginine, by the Sakaguchi reaction applied as 
described by Jorpes and Thoren (6). After tyrosine was removed, the 
apparent arginine by this reaction increased to 1 arginine per 13 ongmal 
tyrocidine nitrogen atoms, exclusive of ammonia. The interference ot 


‘The tyrothricin from which the tyrocidine hydrochloride was isolated was sup- 
plied through the generosity of Mr. Leo Wallerstein of the Wallerste.n Company, ■ 
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tyrosine with the color reaction was demonstrated by Weber (8). An 
impure preparation of arginase was made from a mouse hver by the use 
of acetone, as described by Richards and Hellerman (9). Arginine was 
determined by the urea released by arginase, by measuring both the 
carbon dioxide (Van Slyke (10)) and the ammonia released. The arginine 
found represented 1 molecule per 12.6 to 13.2 original tyrocidine nitrogen 
atoms, exclusive of ammonia, in three preparations of guanylated tyro- 
cidine. Arginase abolished to the extent of 99 per cent the Sakaguchi 
reaction of the hydrolysates. Added arginine could be recovered in these 
arginase-containing solutions by the Sakaguchi reaction. Our average 
value for ornithine (by phosphotimgstic acid) in tyrocidine was 1 ornithine 
per 12.2 tyrocidine nitrogen atoms, exclusive of ammonia. Analyses for 
total and amino nitrogen of the insoluble phosphotungstates separated 
from the hydrolysates failed to reveal the presence of ornithine. Arginine 
was isolated and identified as the benzilidine derivative (11). 

Bemoylation of Tyrocidine — 50 mg. of tyrocidine were treated in 0.5 ml. 
of anhydrous pyridine ivith 0.13 ml. of benzoyl chloride with cooling. 
After 4 hours at room temperature, the product was precipitated by ben- 
zene, washed thoroughly with benzene and water, and dried at 100° over 
phosphorus pentoxide. Benzoyl groups were determined by titrating 
'vith alkali the benzene-soluble portion of an acid hydrolysate. The 
results showed one benzoyl group for 4.3 tyrocidine nitrogen atoms. 

Action of p-Toluenesulfonyl Chloride upon Tyrocidine — 300 mg. of 
tyrocidine hydrochloride in 6 ml. of pyridine were treated with 1.2 gm. 
of p-toluenesulfonyl chloride and left 72 hours at room temperature. The 
preparation was precipitated, washed, and dried, as described for ben- 
zoylated tyrocidine. The product contained 10.0 per cent nitrogen. The 
ratio of non-ammonia N to sulfur was 4.0. 3 hours of acid hydrolysis 
(acetic acid plus 2 volumes of 6 n hydrochloric acid) yielded a ratio of 
amino N to total N of 0.51, 10 hours of hydrolysis, of 0.71 (ammonia 
removed in both cases), indicating a slower hydrolysis than that of un- 
treated tyrocidine in the presence of p-toluenesulfonic acid. The product 
resulting from 10 hours of hydrolysis was taken to diyness, and dissolved 
in water. Solubility was complete and ether extraction removed only 
traces of nitrogen. The solution was extracted with ethyl acetate, and 
Ae extracted fraction neutrahzed in aqueous solution. The needles 
which separated melted, after recrystaUization, at 189°. The product 
contained 4.20 per cent a-amino nitrogen (12) compared with the value 
of 4.18 per cent calculated for 0-toluenesulfonyl tyrosine. Treatment 
■with p-toluenesulfonyl chloride yielded needles melting at 115°,* only 
slightly depressed upon admixture with O, N-ditoluenesulfonyl-l(— )- 
tyrosine (13). 

* The melting points recorded have been corrected for the emergent thermometer 
stem. 
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Butanol extraction of the ethyl acetate-extracted hydrolysate, followed 
by neutralization in aqueous solution of the material extracted, yielded 
in one instance a small quantity of needles melting at 200-205“. Upon 
acetylation a product was obtained melting at 151°. The melting point 
in admixture ■with synthetic a-acetyl-8-p-toluenesulfonyl-Z(-t-)-omithine 
was 150°. Crystalline derivatives of toluenesulfonylomithine were not 
obtained in two other experiments. 

A further sample of the tosylated tyrocidine was hydrolyzed in 3 N 
sodium hydroxide 48 hours at 100°. An aliquot of the hydrolysate was 
analyzed for p-toluenesulfonic acid by addition after acidification by 
hydrochloric acid of half its volume of an 8 per cent aqueous solution of 
2-naphthylamine hydrochloride. The crystalline precipitate was w’ashed 
and weighed. Upon recrystallization the salt melted at 217°. Slotta 
and Franks (14) have reported 218“ for the 2-naphthylamine salt of 
p-toluenesulfonic acid. 61 per cent of the sulfur was precipitated by this 
reagent; correction for solubility indicated that about 66 per cent of the 
sulfur was present as free p-toluenesulfonic acid. 

The alkaline hydrolysate contained no ether-soluble sulfur, and the 
distribution of sulfur between ethyl acetate and water was so low as to 
exclude the presence of significant amounts of p-toluenesulfonyl deriva- 
tives of the monoaminomonocarboxylic acids, of proline, of ammonia, and 
of glutamic acid. (The distribution coefficient of p-toluenesulfonyl- 
l(+)'Elutamio acid betw’een ethyl acetate and water was found to be 
about unity.) Studj' of a butanol extract of the aqueous residue from 
the ethyl acetate extraction failed to show evidence of any p-toluene- 
sulfonylaspartic acid. No barium salts precipitable by ethanol could 
be found in this extract. 

Methylation of Tyrocidine — To a solution of 103 mg. of tyrocidine hydro- 
chloride in 2 ml. of methanol and 0.05 ml. of 4 n sodium hydroxide, there 
were added, in thirteen portions during 1 hour, 1.6 ml. of 9 N sodium 
hydroxide and 0.85 -ml. of dimethyl sulfate. After 16 hours at 37°, the 
solution w'as treated wth 25 ml. of N hydrochloric acid, and the resulting 
precipitate wms washed with hydrochloric acid. After being dried m 
vacuo, the product contained 12.8 per cent nitrogen. A portion was 
hydrolyzed as usual in acetic acid plus hydrochloric acid for 24 hours. 
Only traces of ammonia nitrogen were present. (The alkalinity employed 
in the methylation rapidly releases ammonia from tyrocidine even at 
room temperature.) The ratio, amino nitrogen to total nitrogen, m the 
hydrolysate was 0.84, whereas the value 0.86 was obtained for ammonia- 
free hydrolysates of tyrocidine. Thus, little if any N methylation was 


indicated. 

The bases were 


precipitated from the hydrolysate by phosphodo- 
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decatungstic acid according to Van Slyke, Hiller, and Dillon (15) after 
removal of tryptophane. 16.3 per cent of the nitrogen of the hydrolysate 
was precipitated, and this nitrogen was all released in 20 minutes by 
nitrous acid. A very similar proportion of nitrogen was recovered in 
the same way from unmethylated tyrocidine. Thus, no N methylation 
of ornithine could be detected. 

0-Methyltyrosine — The method of Folin and Marenzi (16) shorved that 
80 per cent of the tyrosine of the above hydrolysate was free. However, 
when hydrolysis was carried out in a mixture of 1 volume of acetic acid 
and 2 volumes of 4 n sulfuric acid for a period of 4 hours, catalyzed bj’’ 
p-toluenesulfonic acid, very little free tyrosine could be detected (cf. (17)). 
The hydrolysate was acetylated according to du Vigneaud and Meyer (18), 



Fig. 1. Acceleration of the hydrolyaie of tyrocidine in boiling acetic acid-hydro- 
chloric acid mixtures by aromatic sulfonic acids. Curve 1, in the absence of sulfonic 
acids; Curve 2, in the presence of 2 -naphthalenesulfonic acid; Curve 3, in the presence 
of p-toluenesulfonic acid. A ratio of amino N to total N of 0.81 represents the maxi- 
mum obtained during 48 hours of acid hydrolysis of tyrocidine. 

extracted with chloroform after acidification, and the extracted material 
Was crystallized twice from water. The crystals were obtained in a 
yield representing 6 per cent of the nitrogen of tyrocidine. A neutraliza- 
tion equivalent of 204 (calculated for acetylmethyltjTosine, 209) and a 
melting point of 148° were obtained. This melting point was not depressed 
by admixture with synthetic N-acetyl-0-methyl-Z(— )-tjTOsine. 

Catalysis of Hydrolysis of Tyrocidine — If tyrocidine was treated in pyri- 
dine briefly rvith a small amount of p-toluenesulfonyl chloride, mainlj 
alkali-labile groups were introduced. This product was found to undergo 
Very rapid acid hydrolysis of its peptide links. This accelerated hydrolysis 
S'Ppeared to be due to catalysis by p-toluenesulfonic acid. 50 mg. of 
tyrocidine hydrochloride were hydroly^zed in a boiling mixture of 2 ml. 
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of acetic acid and 4 ml. of 6 n hydrochloric acid containing 17 mg. of 
p-tolucnesulfonic acid. Similar experiments were performed nith an 
equivalent concentration of 2-naphthalenesulfonic acid and in the absence 
of sulfonic acids. The comparative rates of hj’drolysis are shown in 
Fig. 1. No catalysis of the hydrolysis of gramicidin by p-toluenesulfonic 
acid was detected. 

5-P'Toluencsxdfonyl-l{+)-omit}iinc — ^205 mg. of f(+)-omithine diliydro- 
chloride (Hoffmann-La Roche) were dissolved in 3 ml. of water and treated 
at 100° with an excess of copper carbonate. The solution was filtered 
and 2 ml. of n sodium hydroxide were added to tlie solution of the copper 
salt. 287 mg. of p-toluencsulfonjd chloride were added in four portions 
in ether solution at hourly inter\'als, each addition being accompanied 
by 0.75 ml. of N sodium hydroxide. Shaking was maintained meanwhile, 
and for a total of 5 hours. The solution was then acidified and copper 
removed with hydrogen sulfide, and the filtrate was concentrated and 
adjusted to about pH 7. Tlie crystals separating were recrystallized from 
hot water, with a yield of GO per cent of the theoretical. They were long 
slender needles melting at 210-215° witli decomposition. The compound 
formed a slightly soluble phosphotungstate. 

Analysis — CuHuNjOtS. Cnlculated. N 10.37, amino N 5.18 
Found. “ 10.3 , “ “ 5.10 

a-Benzoyl-5-p-ioluenesulfonyl-l{-\-yomtthine was prepared by benzoyla- 
tion by the Baumann-Schotten technique, and crystallized from acetic 
acid. Needles melting at 183° were obtained in 60 per cent yield. 

a-Acelyl-S-p-U)lucncsidfonyl-l{+)-omithine was prepared by the action 
of acetic anhydride (18). The product was extracted, after acidification 
of tlie solution, by ethyl acetate, and crj'stallized from acetone solution 
by the addition of diethyl ether. Needles, melting at 153° ivere obtained. 
This derivative was obtained pure more readily than the benzoyl derivative. 

p-Phenylphenacyl esters of p-tolticnesulfonyl-l{-\-)-9litta7nie acid and 
p-tolueneculfonyl-l(,+)-aspartic add were prepared by treating the tosyiate 
amino acids (13) with p-phenylphenacjd bromide (19). After two crys- 
tallizations from absolute alcohol, both derivatives melted at 138-141 . 
This melting point was strongly depressed upon mixing the two denva- 
tives. Nitrogen analyses were as follows; calculated 2.07, 2.03 per cen , 
respectively; found 2.10, 2.07 per cent. 

DISCUSSION 

The results obtained with methylisothiourea indicate that the 
group of ornithine exists free in tyrocidine, or in such a state that it reac 
in the manner of a free amino group with this reagent at room tempera 
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AMiereas practically complete reaction occurred with the ornithine, no 
significant quantities of other substances jdelding the Sakaguchi reaction 
were formed. Weber (8) has shown that this reaction is characteristic 
of monoalkyl guanidinium compounds. This result argues against the 
presence of any other free amino group besides that of ornithine. Sur- 
prisingly, the action of nitrous acid for 30 minutes upon acetic acid solu- 
tions of tyrocidine did not reduce the recovery of ornithine by phospho- 
tungstic acid. 

The number of benzoyl and p-toluenesulfonyl groups which could be 
introduced into tyrocidine (three for 11.6 and 12 nitrogen atoms respec- 
tively, exclusive of ammonia) corresponds fairly closely to the number 
of acetyl groups (three for 11 nitrogen atoms, exclusive of ammonia) 
which Hotchkiss introduced by the action of acetic anhydride (1). Two 
of these groups are probably accounted for by the distal amino group of 
ornithine and the phenolic group of tyrosine. 

No explanation is advanced as to why evidence could not be obtained 
of a terminal amino group in tyrocidine. Calculations (1) suggest the 
absence of a free terminal carboxyl group as well. The sum of the amide 
nitrogen plus free carboxyl groups of tyrocidine found by Hotchkiss 
(2.05 per 13 total nitrogen atoms) corresponds closely unth the analytical 
values for dicarboxylic amino acids (2.1 per 13 nitrogen atoms (1, 2)).* 
Thus there is no indication of a terminal carboxyl group in addition to 
the side chain groups presumably contributed by these acids. In this 
connection it may also be pointed out that no free amino or carboxyl 
group has been demonstrated in the gramicidin molecule. 

SUMMARY 

An examination of the free chemical groups of the tyrocidine molecule 
has been made bj’' several techniques. The results indicate that the 6- 
amino group of ornithine and the phenolic hydro.xyl group of tjTOsine are 
free in the pol 3 q)eptide, since both were coupled to the p-toluenesulfonyl 
group by the action of p-toluenesulfonyl chloride in pyridine solution; 
the Second was methylated by methyl sulfate, while the ornithine residue 
in tjTTocidine was converted practically completely to an l {-\- )-arginine 
residue by the action of methylisothiourea. No evidence could be obtained 
for the presence of any N-p-toluenesulfonyl derivatives after hj'drolysis 
b5' alkali except that of ornithine. No other guanidinium compounds 

^ The action of hypobromite according to the Hoffmann amine reaction ^\as tested 
under several sets of conditions to ascertain whether the labile ammonia of tyrocidine 
"as bound by the amide link to carboxyl groups and, if so, to what amino acid resi- 
dues. Too much damage to the tj'rocidine molecule resulted to accomplish this 

purpose. 
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except arginine could be detected after the action of methylisothiourea. 
Thus both procedures failed to reveal the presence of another free amino 
group in addition to the 5-amino group of ornithine. 
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CHEMICAL AND PATHOLOGICAL CHANGES IN DIETARY 
CHLORIDE DEFICIENCY IN THE RAT 
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Only in recent years has it been demonstrated unequivocally that elim- 
ination of chloride from the diet leads to an impairment of health. The 
authors reported in a previous paper (1) that chloride deficiency (0.012 
per cent Cl in the diet) caused a reduction in the growth rate, a reduction in 
blood chloride, an increased blood bicarbonate, and almost a cessation of 
the urinary excretion of chloride. 

Growth and the energy and protein metabolism in chloride deprivation 
were studied by Voris and Thacker (2) on pair-fed rats maintain^ on a 
diet contaming 0.02 per cent chloride. The rats on the deficient diet 
showed a loss of appetite but an increased water consumption. The 
deficient rats gained less water (as per cent of total fat-free gain) and less 
at than the controls. The ratio of water gained to protein gained was 
owered, leading the authors to characterize the tissue cells as water-poor. 
More of the energy of the ingested food was lost as heat and less stored in 
the chloride-low rats than in the controls. The deficient animals gained 
more protein in terms of per cent of gain in body weight but gained less 
m per cent of total body protein. This was reflected by an increase in the 
output of urinaiy nitrogen and a decrease in nitrogen retention. The 
^ eficient animals showed a greater gain, proportionately, of residual (mainly 
morganic) substance. 

The effect of the chloride deficiency on the mineral composition of the 
ody was more closely analyzed by Thacker (3) on the above rats. He 
ound that there was a decrease in the content of chloride, sodium, and 
potassnun, and an increase in the content of calcium, magnesium, and 
P osphorus, presiunably because the ratio of soft tissue to skeleton is 
owered. The concentrations of chloride, sodimn, and potassium were also 
ecreased with respect to the water content and to the water gained, but 
^thout disturbing the ratio of sodium to potassium. There was a decrease 
lu fte retention of all the above mineral elements except chloride. 

_ he present investigation was undertaken to obtain more of an insight 
mto the nature of the physiological disturbances caused b}' deficienc 3 ' of 
of the extracellular phase were made from the 
^ composition and from the distribution of the radioactive isotope, 

> in view of the apparent alteration in water metabolism and because 
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it seemed logical that the bodily stores of chloride might be made to go 
further by a reduction of the extracellular fluid volume. 

Further evidence for the c-xistence of a state of alkalosis (largely com- 
pensated) in this deficiency was sought from the excretion of citrate in the 
urine. 

Chloride is the onlj' one of the major mineral constituents of the body 
for which proof has been lacking that its deficiency in the diet leads to 
pathological manifestations. The gross appearance of the kidneys of the 
chloride-deficient rats suggested that histological examination might reveal 
abnormalities in this organ, and this inference proved to be correct. A 
dietary intake of chloride below the ability of the organism to conserve its 
bodily stores of this ion has been found to produce kidney damage. 


Methods 


Some modification was made in the diet from that used in the previous 
investigation (I). The basal constituents were not altered but several 
changes were made in the salt mixture and the water-soluble vitamins were 
supplied from only crystalline sources.* All salts employed were recrystal- 
lized or purified by washing. The casein for the diet was washed with dilute 
acetic acid, followed by distilled water until halogen-free, then dried, and 
ground. The choline acetate was prepared from choline chloride by pre- 
cipitating the chloride with lead acetate and removing the excess lead uith 
hydrogen sulfide. 

The new chloride-low diet was found to contain only 2 to 5 mg. of halide 
per 100 gm. of food, other than the added iodide, as contrasted with up to 
12 mg. in the previous ivork. The chloride-deficient diet contained a total 
carbonate and bicarbonate content of 2 per cent, the control diet 0.9 per 
cent carbonate and 0.6 per cent chloride. 

The rats employed in the experiments were transferred to screen-bot- 
tomed cages and placed on the synthetic rations at between 3 to 4 weeks of 
age and, except for those that were pair-fed, were allowed food and distilled 
water ad Ubilum. All cages were cleaned and rinsed with distilled water 
in advance to remove any possible chloride contamination. 

Blood for chloride and Na^* analysis was collected and centrifuged under 
oil. The blood w^as obtained by heart puncture under amytal anesthesia 
and the animals were subsequently sacrificed for analysis of tissues. The 
chloride titrations were performed on tungstate filtrates of the seium 
according to the mercuric nitrate method of Schales and Schales (4}- 


> The salt mixture in gm. and the water-soluble vitamins in mg. per kilo of (h^ tad 
the following composition; CaCOj, 15; NaCl, 10 (control diet only); 
deheient diet onT/) ; IvHPO.. 20; MgSO,.7H,0. 6; ferrous alum, 2 ; p 0 . 01 ; MnSOo 
0 05- CuSO„ 0.05; ZnSO<, 0.001; CoCrH,Os, 0.001; thiamine hydrochloride, S, nb 
vin, 8; pyridoxine, S; calcium pantothenate. 16; inositol, 100; choline acetate, 
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Samples for tissue chloride analysis were dry -ashed at a low temperature in 
porcelain dishes after the addition of chloride-free sodium bicarbonate and 
the chloride was determined by the silver nitrate-potassium thiocyanate 
titration method of Whitehom (5). The citric acid was determined by the 
colorimetric method of Pucher, Sherman, and Vickery (6), with 1 ,4-dioxane 
as a solvent as suggested by Johnson (7), instead of pyridine, on 8 to 16 
hour urine samples collected from individual rats. The urine collections 
covered all 24 hours of the day. 

^ In the collection of tissues, skeletal muscle samples were taken from the 
hind legs (chiefly thighs) with as mitch fat and nerve removed as possible. 
The capsules were removed from the kidney samples. The brain samples 
cor^isted of the cerebrum, cerebellum, and brain stem. The carcasses on 
which chloride determinations were performed were from the first series of 
rats placed on the modified deficient diet and these were less deficient than 
later ones. The carcasses used for determination of the sodium extracel- 
lular phase were from a later series in which the diet was lower in chloride. 
The cajcass usually constituted the remains of the rat after the liver, kidney, 
skin samples, muscle samples, and as much blood as possible had been re- 
moved. In certain instances the other tissues listed in Tables I to III 
were also removed. 

The water content of tissues and carcass was determined by drying at 
90-100° in an electrically heated oven for 48 hours or longer. 

The sodium partition was determined with the radioactive isotope Na“, 
which has a half life of 3 years. This was prepared bj’’ bombarding magne- 
sium metal with deuterons (8) in the medical cyclotron of the University of 
California Radiation Laboratory. The Na^^ was administered as the 
chloride by intraperitoneal injection. Most of the rats used for this purpose 
Were sacrificed 3 hours after injection. No difference was found in the 
sodium partition whether the period was 1, 3, or 24 hours, as had already 
been noted by Greenberg, Campbell, and Murayama (9). To determine 
the radioactivity of the samples, appropriate weights of tissue were drj'- 
ashed in porcelain dishes, and the ash dissolved in hydrochloric acid and 
transferred to 0.25 ounce ointment capsules, which had been varnished to 
prevent reaction with the acid, and evaporated to diyness. The radio- 
activity Was measured with a Geiger-MuUer counter and the mica-walled 
counter tube described by Copp and Greenberg (10). 

The apparent extracellular phase distribution (HiO)^ of Cl and of Na- 
Was calculated by means of the following equations. 


(HtOlsCl = 


tissue Cl 
serum Cl 


X 100 


( 1 ) 


(H,0)sNa« = 


tissue ya” (% of dose per gm.) 
serum Na” (% of dose per ml.) 


X 100 


( 2 ) 



86 


CHLORIDE DEFICIENCY 


The values of apparent extracellular phase were calculated in terms of both 
the fresh tissue weight concentrations and in terms of the concentrations 
per Idlo of water. It will be noted that a correction factor (usually 0.95) 
for the Donnan ratio between blood plasma and interstitial fluid, commonly 
incorporated in the equations for calculating the extracellular phase (9, 
11), has been left out of Equations 1 and 2 for the reason that the magnitude 
of this factor, uncertain at best, is rendered still more doubtful bj' the 
disturbed electrol 3 'te distribution in the chloride-deficient animals. Equa- 
tions 1 and 2 are sufficient for the determination of the nature of the altera- 
tion in the bodj' fluids caused by chloride deprivation. 

Calculation also was made of the apparent volume of distribution of the 
sodium in the bodj' by means of the equation 


(H.O)*Na« 


100 (= administered Na") 100 

^ ■ - 

serum Na” (% of dose) body weight 


(3) 


The Na- excreted in the 3 hour period of these experiments was insig- 
nificant and therefore is omitted from Equation 3. 


RESULTS AND DISCUSSION 

Growth — We reported in an earlier paper that chloride-deficient rats 
failed to grow normally on a diet containing 12 mg. per cent of chloride. 
On the present diet, containing 2 to 5 mg. per cent of chloride, the fmlure of 
groivth was more striking. The control male rats reached a weight of about 
400 gm. at the age of 18 weeks, at which time the growth curve tended to 
reach a plateau. The subsequent growth was very slow, although some of 
the rats eventually attained a weight of 500 gm. or more. On the other 
hand, the deficient animals very early fell behind the controls, the weight 
reaching a plateau of about 130 gm. at 12 weeks of age. They may attain 
a weight of 200 to 300 gm., but only after a period of 8 to 12 months. 

This is not entirely due to decrease in appetite, because three pair-fed 
control rats, restricted to the same food intake as litter mate deficient ani- 
mals, gained more than twice as much weight over a period of 10 weeks. 
Each group of three rats consisted of two males and one female. The con- 
trols gained 171 gm. per rat and the chloride-low rats only 73 gm. The 
growth curves are shown in Fig. 1. In other words, the chloride-deficient 
rats utilize their food inefliciently and gain less weight per gm. of food 
ingested than do the controls. 

Chloride — The results of the chloride analysis of blood, tissues, and car- 
cass are given in Table I. As was reported formerly, the concentration of 
chloride in the blood is considerablj’- reduced. In the present series, the 
mean serum chloride level in the control group was 352 mg. per 100 ml. 
(98.2 mxi per hter) as against 265 mg. per 100 ml. (74.6 mil per liter) for 
the deficient animals. 
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Tissue chloride analysis showed a reduction in the chloride content of 
skin, muscle, liver, kidney, brain, testis, stomach, lung, and carcass. This 
reduction is evident whether chloride content is expressed in terms of fresh 
weight or of water content. The heart, incisor teeth (fresh weight concen- 
tration only), and spleen are the only exceptions. The tissues in Which the 
difference between the means of control and chloride-deficient values is 
3 times (or more) the standard error of the differences are muscle (concen- 
tration in total water), testis, brain, stomach, spleen (fresh weight), lung, 
and serum. In skin, muscle, Uver, and kidney, the difference is between 
2 to 3 times the standard error of the difference and for the last three named 
tissues this is true only for the fresh weight concentrations. However, the 
fact that all the differences, with the three exceptions mentioned, are in 



TIME (DATS) 

Fig. 1. Growth curves of chloride-deficient and pair-fed control rats. Mean weight 
gains of two males and one female in each group on the same food intake. 

the same direction lends significance to the decreased values for the other 
tissues. 

The results of the calculations of the apparent extracellular ph^e 
(chloride space) from the chloride values are given in Table II. Hi chlonde 
deficiency, the apparent extracellular phase is increased in the skin, muse e, 
liver, kidney, brain, heart, testis, femur, lung, incisors, stomach, spleen, 
and carcass (per cent of fresh weight only). With the exception men- 
tioned, this is true whether the chloride space is calculated in terms o 
fresh tissue weight or of water content. 

The heart of the deficient animals shows a particularly large incrcxiM o 
the chloride space, the value being about double that of the control, t is 
to be noted that this high value results from the fact that the chloride con- 
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tent of the heart is actually increased in the deficient animals, while the 
serum chloride is decreased. The difference between the mean values for 
the control and chloride-deficient animals is 3 times (or more) the standard 
error of the difference with respect to both units of concentration for muscle, 
liver, testis, heart, spleen, and lung and on the basis of fresh weight only 
for skin, kidney, and incisors. The difference is between 2 and 3 times 
the standard error of the difference for brain, stomach, and carcass (fresh 

Table I 


Chloride Content of Tissues in Normal and Chloride-Deficient Rats 




Controls* 


Chlonde-low* 



Tissue 

No of 
animals 

Cl per 100 gm 
fresh tissue 

Cl per kiloHiO 

®.i 

Cl per 100 pm 
fresh tissue 

Cl per kilo HiO 

error of 
difference 

Blood 
aenuat . 

44 

mg. 

352 ifc 2.8 

mu 

33 

mg 

265 ± 7.8 

mu 

mg 

per 

100 

gm 

rnu 

per 

H 

UtO 

Sldn .. 

30 

162.4 ± 6.7 

91.0 ± 4.2 

34 

139 ±5.7 

78.6 ± 4.4 

6.8 

6.0 

Muscle 

20 

37.8 ± 1.2 

15.2 ± 0.4 

24 

33.8 ± 1.1 

11.6 ± 0.5 

1.6 

0.6 

Liver . . . 

20 

78.2 ±36 

32.4 ± 1.4 

30 

70.6 ± 3.8 

28.2 ± 4.S 

5.2 

5.0 

Kidney. 

21 

172 ± 8.1 

66.2 ± 2.6 

20 

148 ± 5.6 

60.3 ± 2.8 

9.9 

3.S 

Brain 

5 

122 ± 0.95 

45.0 ± 0.5 

3 

91.2 ± 4.8 

34.4 ± 1.3 

4.9 

1.4 

Heart 

4 

168 ± 4.1 

57.8 ± 4.8 

4 

188 ± 16.4 

66.2 ± 3.1 

17.0 

5.7 

Testis 

5 

200 ± 6.4 

69.0 ± 3.0 

5 

168 ± 9.7 

57.2 ± 2.7 

11.6 

4.1 

Stomach 

3 

170 ±9.8 

66.8 ± 4,2 

3 

129 ±5.0 

49.3 ± 1.6 

11.0 

4.5 

Spleen 

3 

137 ±11.0 

51.6 ± 5.2 

3 

147 ± 6.6 

61.4 ± 0.7 

12 8 

5.3 

Lung 

Bone 

3 

184 ± 8.2 

67.6 ± 3.2 

3 

141 ± 13.0 

51.6 ± 4.2 

12.5 

5 3 

(femur). 

Teeth 

4 

114.8 ± 8.3 

89.4 ± 10.5 

7 

117 ± 10.4 

03 

CO 

■H 

o 

13.3 

13.8 

(incisor) 

2 

135 ± 11.5 

57.4 ± 12.7 

3 

170 ± 42.7 

46.3 ± 10.0 43.3 


Carcass. . 

3 

100 ± 15.5 

67.4 ± 3.7 

5 

99.6 ± 20.0 

49.3 ± 9.8|25.3|10.4 


• The values are means plus or minus the standard error, 
t The blood serum values are in mg. per 100 ml. 


wdght). Again, the differences all being in the same direction, the signifi- 
cance of the lesser values is increased. In the case of the carcass, the 
greater value of the chloride space as per cent of fresh weight is at least 
partly a result of the extra fat content of the control rats (2). Analj'sis 
of the fat contents of six control and six deficient rats of the earlier group 
of the present series yielded mean values of 28 ± 4.1 and 16.6 ± 4.2 per 
cent respectively. The difference of the means, 4.8 times the standard 
error of the difference, is highly significant. 
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jVo” Dislribulion — From the distribution of Na“, it was calculated that 
chloride deficiency increases the apparent extracellular phase (sodium 
space) in the skin, muscle, liver, kidney, brain, heart, testis, femur, carcass, 
and body as a whole. The results are given in Table III. All the dif- 
ferences, as with chloride, are in the same direction. The difference be- 
tween the means of the control and deficient animals is 3 times (or more) 
the standard error of the difference for muscle, kidney, femur, and carcass 


Table II 

Apparent Volume of Distribution of Chloride in Per Cent in Tissues of Normal and 

Chloride-Deficient Rats 



Controls 

Chloride-low 

Standard 
error of 
difference 

Tissue 








M 










s 







S 








& 



Fresh weight 

Water content 

*o 

Fresh weight 

Water content 


oj C 


d 

Z 







d 







b 

c4 <•< 

Carcass.. . . 

3 

23.5 

± 

4.0* 

66.8 

± 

1.7 

5 

36.1 


2.2 

62.6 

± 

3.6 

4.6 

6.0 

Skin 

27 



1.9 

96.0 

± 

3.5 

28 

55.9 

± 

2.4 

103 

± 

14.1 

3.3 

5.9 

Muscle 

18 

11.4 

± 

0.4 

15.3 

dz 

0.5 

17 

13.7 

=t; 

MIIM 

18.0 

db 

0.6 

0.65 

0.8 

Liver 

17 

23.2 


2.1 

33.3 

db 

1.4 

17 

32.3 


1.9 

46.1 

dd 

2.6 

2.8 

3.0 

Kidney. . . . 

17 

52.4 

± 


69.7 

± 

2.7 

15 

62.1 

± 

2.6 

77.6 


4.1 

3.3 

4.9 

Brain 

5 

36.7 

± 


50.0 


2.1 

4 

HIM 

=b 

4.8 

64.6 

± 

6.1 

4.9 

6.5 

Heart 

5 

35.2 

± 

4.6 

41.0 

± 

5.8 

6 

66.9 

± 

5.1 

87.8 

=fc 

8.1 

6.9 

10.0 

Testis .... 

3 


± 

2.4 

72.6 

dh 

5.2 

3 

82.6 

± 

2.8 

102 

± 

3.1 

3.7 

6.1 

stomach... 

3 

Kncl 

± 

2.6 

71.6 

± 

3.7 

3 

68.7 

± 

7.4 

92.7 

± 

9.0 

8.0 

9.7 

Spleen 

3 

41.4 

± 

3.5 

54.0 

± 

5.7 

3 

77.0 

± 

3.7 

110.0 

± 

10.3 

5.1 

11.8 

Lung 

2 

55.2 

± 

2.2 

72.0 

± 

3.0 

3 

73.1 

± 

■ilEl 

96.5 

± 

1.7 

2.2 

3.5 

Bone 

















(femur).. 

1 

39.4 



126 



3 

71.5 

± 

5.4 

205 

± 

18.5 



Teeth 

















(incisor) . 

2 

3 

± 

3.5 

609 

± 190 

3 

84.9 

± 15.2 

802 

± 216 

5.9 

287 


* The measure of variability is the standard error of the mean. 


(the last two in per cent of wet weight only), and 2 to 3 times for liver, 
testis, and carcass (in per cent of water content). 

Comparison of the values for the apparent extracellular phase obtained 
from the chloride analyses ■with those from the partition of radioactive 
sodium yields deductions of considerable interest. The values for the 
chloride space, -nith the exception of that for muscle, femur, and carcass, 
are higher than the sodiiun space values for the corresponding tissue. The 
muscle values are identical ■within the range of the error of the methotk, 
the values for the carcass are practically the same, and the differences in 
the case of the femur are small (Tables II and III). 
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As the calculated extracellular phase of muscle bj' both methods is the 
same, wliile for other tissues the chloride space is consistently higher, it 
seems reasonable to surmise that in these tissues some of the chloride is 
either in an intracellular phase (or at least outside the sodium space) or 
else it is present in some form in the extracellular fluid ^vhich is not in mobile 
equilibrium udth the blood plasma. 

Some support for this interpretation is offered by the experiments of 
Amberson cl al. (12) on the chloride exchange following perfusion of cats 
with a chloride-free fluid (SO«" substituted for Cl~). A rapid equilibrium 
u-ith the chloride of the blood plasma occurred in red corpuscles, muscle, 


Table III 

Apparent Volume of Distribution of No** in Per cent in Tissues of Normal and 
CMonde-Deficient Rais 


Tissue 

Control 

Chloride-iow 

Standard 
error of 
difference 

No. of rats 

Fresh weight 

Water content 

2 

*o 

& 

Fresh weight 

Water content 


Water 

content 

Whole body 

22 




EflEMHEfl 


1.4 


Carcass ... 

12 


42.8 ± 1.4 



47.9 ± 1.8 

1.5 

2.3 

Skin . . . 

19 

14.9 ± 1.2 

31.5 ± 2.4 



32.4 ± 3.3 

7.3 

4.1 

Muscle 

19 



19 


20.2 ± 1.3 

1.1 

1.5 

Liver. . 

17 



20 


22.9 ± 1.2 

1.2 

1.6 

Kidney . . 

18 

32.6 ± 1.8 



44.8 ± 2.2 

57.7 ± 2.4 

2.9 

[i.5 

Brain . 

7 

21. S ±3.9 



24.4 ± 1.7 

31.6 ± 2.1 

4.3 

wsL/M 

Heart 

3 

29.1 ± 3.9 



32.4 ± 3.0 

41.2 ± 3.9 

4.9 

5 / 

Testis 

4 

18.1 ± 2.1 

I 


36.6 ± 7.5 

48.3 ± 12.9 

7.8 

13.2 

Bone 



nummi 






(femur) 

18 

43.7 ± 3.5 




144.9 ± 9.4 

4.4 

15.4 


* The measure of variability is the standard error of the mean. 


lung, kidney, spleen, heart, and liver. Most of their chloride is retained 
even at low plasma levels by the cerebrum, cerebellum, and spinal cord; 
tendon, skin, and bone retain much and the stomach retains about one- 
third of the chloride content. When tissue chloride was plotted agains 
plasma chloride concentrations, a series of straight lines at different lave s 
but having the same slope was obtained for stomach, spleen, salivary glan , 
pancreas, small intestine, heart, and liver. The identity of slope was 
considered to indicate that the diffusible chloride has the same concentra- 
tion in all of the above tissues and that the difference in levels is a ^easur 
of the difficultly diffusible chloride content (in the order given 
stomach at the top and the line for the liver passing through the ongi f- 
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The observations of Hiatt (13) on hypochloremia induced by nitrate diure- 
sis are not in good accord vith those mentioned above. He found thatthe 
chloride in dog tissues (cerebrum, bone, muscle, lung, ventricle, liver, 
spleen, pancreas, adrenal, kidney, tendon, stomach, and duodenum) 
varied directly with the plasma chloride. Some suggestions to explain 
the different results are as follows: As Amberson el al. (12) have suggested, 
nitrate may exchange with intracellular chloride or the much longer time 
of Hiatt’s experiments allows the sluggishly diffusible chloride to approach 
equilibrium. Determination of the rate of reentry of chloride (after intra- 
venous administration of NaCl) showed a delay in the brain and spinal 
fluid, indicating that this ion encounters resistance in entering the nerv^ous 
tissue (13). 

Experiments with radioactiv'e sodimn have shown that its penetration 
into the sodimn phase of sldn, kidney, liver, and muscle is rapid but is 
delayed in the testes, femur, and brain (9, 11). Manery and Bale do not 
feel that the sodium in the rapidly penetrated tissues is necessarily all 
extracellular nor that delayed penetration is an infallible indication of an 
intracellular distribution. In the kidney, in which penetration is rapid, 
they point out that some of the sodium must enter the cells in the process 
of excretion and of reabsorption through the tubules. Delayed penetration 
may possibly be only an indication of a barrier (as in the case of the brain) 
interposed between the blood and the extracellular phase. 

The calculated values of the extracellular phase indicate that the organs 
of the chloride-deficient rats have a slight edema. The increase in extra- 
cellular fluid volume is not merely apparent, owing to the retention of 
chloride, but is supported by the increases observed with Na”. This fits 
in with the conclusion of Votis and Thacker that the cells of chloride- 
deficient rats are water-poor, because any increase in the extracellular 
fluid volume, calculated as per cent of the total water content, involves a 
decrease of the intracellular fluid volume. The increase appears to be an 
absolute one as well as a relative increase at the expense of the intracellular 
fluid. This is indicated by the accompanying increase which is obtained 
when the extracellular phase is calculated as per cent of fresh weight of 
tissues. 

Alkalosis — ^A number of experiments were carried out to obtain more 
information on the changes in the blood and on the state of alkalosis v hich 
accompany the chloride deficiency. Because of the previously made 
observation that the increase in total carbon dioxide does not balance the 
decrease of the chloride of the blood (1), the total base Content of the serum 
Was determined on twelve control and twelve deficient rats by the electro- 
dialysis method of Joseph and Stadie (14). These determinations revealed 
that there is no decrease in the total base of the blood to balance the loss 
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of chloride. This implies that there is an increase in some (still unknown) 
anion of the blood. 

It was expected that if an alkalosis is present in the chloride-deficient 
animals, even though compensated, there would be an increase in the citrate 
excretion, and this was found to be the case. The results are recorded in 
Table IV. The control males excreted an average of 0.44 mg, of citrate 
per rat per day in contrast to the mean of 7.5 mg. for the deficient animals. 
These values include a variable amount of citrate from the seminal fluid 
which is high in citrate. 

HisUrpalbology — During autopsies it was noticed that the kidneys were 
lighter in color in the deficient rats and were covered with translucent 
spots. Their appearance suggested fatty degeneration but this was found 
not to be the case when frozen sections (fixed in formalin) were made and 
stained with scarlet red and iron hematoxylin. Sections fixed in Bouin’s 
solution embedded in celloidin and stained with hematoxylin and eosin or 
iron hematoxylin-aniline blue showed considerable kidney damage. This 
consisted of degeneration of the glomeruli to cyst-like structures with flat 

Table IV 


Urinary Excretion of Citric Acid in Mg. per £4 Hours per Rat 


Controls 

Cbtoridc*Iow , 

Standard 
error of 

No. of rats 

Kange 

Mean sb S.E. 

No. of rats 

1 Range 

1 Mean de sx. 

diSetence 

— 

13 

0-0.9 

, 

0.44 ± 0.07 

42 

0.3-24.4 

7.5 ±0.9 

0.9 


epithelium containing varying amounts of compact cellular material. The 
nuclei in these glomeruli were deteriorated and in some there was complete 
replacement by scar connective tissue. The epithelial cells of the con- 
voluted tubules were for the most part swollen and the nuclei small, irregu- 
lar, compact, and sometimes pycnotic. In the medulla many collecting 
tubules were degenerating, as is shown by the dissolution of the epithelial 
cells, gaps in the tubular walls, and lumen filled with homogeneous masses. 
In both cortex and medulla there was increased interstitial tissue, so that 
the remaining tubules were considerably separated. In many places 
tubules were replaced with scar tissue. A more detailed description of the 
pathology \vill be published elsewhere. 

Most of these animals had been on the experimental diet 8 months or 
more but kidneys have been found ivith a high degree of degeneration after 
only 1 month on the deficient diet. 

The specific cause of the kidney damage, of course, is difficult to ascer- 
tain. The diet of the deficient rats differs from that of the controls on y 
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in the salt mixture and there only in the chloride and carbonate concentra- 
tions. The high bicarbonate concentration alone cannot be blamed, 
because Addis, MacKaj% and MacKay (15) kept rats on a high (4 per cent) 
sodium bicarbonate diet for 300 days with no resulting kidney pathology. 
It may be possible that the extreme conservation of chloride (1) overworks 
the kidney. Or perhaps the adrenal is influenced by the altered salt 
metabolism and thus the kidney is affected indirectly. 

We are indebted to Professor E. O. Lawrence and the staff of the Radia- 
tion Laboratory of the University of California for kindly supplying us with 
Na-2 and to Miss Virginia Pallais and Mr. Charles Davenport for their 
help in the preparation and analysis of the histological sections. 

SUMMARY 

1. Rats were raised from the age of 3 to 4 weeks on a diet containing 
2 to 5 'mg. per cent of chloride and 2 per cent carbonate and bicarbonate 
to replace the chloride. These rats showed a considerable reduction 
in growth. Control rats, pair-fed with litter mate deficient animals, 
gained more than twice as much weight over a period of 10 weeks. 

2. The blood serum chloride values ■were reduced from 98.2 mM per liter 
in the controls to 74.6 mM per liter in the deficient rats. Tissue chloride 
content was reduced in the skin, muscle, liver, kidney, testis, brain, stom- 
ach, lung, and carcass. There were increases in the heart and spleen. 
The chloride space was increased in skin, muscle, femur, fiver, kidney, 
testis, brain, heart, carcass, stomach, spleen, lung, and incisors. Sodium 
space was increased in skin, muscle, femur, fiver, kidney, testis, brain, 
heart, carcass, and the body as a whole. 

3. ' Urinary citrate excretion increased from a mean of 0.44 mg. per rat 
per day to 7.5 mg. 

4. There is extensive kidney damage which in the late stages involves the 
w-hole nephron. There is degeneration and replacement by scar tissue. 
In spite of these changes some of the deficient rats lived a year or longer. 
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A BIOASSAY FOR LYSINE BY USE OF A MUTANT OF 
NEUROSPORA 
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The amount of lysine present in protein hydrolysates has been deter- 
mined by several methods. The classical one is the procedure introduced 
by Kossel and Kutscher (1). In this method arginine and histidine are 
removed as silver salts, and lysine is precipitated as its phosphotungstate 
and isolated as the picrate. This scheme has been variously modified 
by several investigators (2^). Other methods which have been used are 
the nitrogen distribution method introduced by Van Slyke (5) and the 
electrical transport procedure proposed by Foster and Schmidt and further 
developed by Albanese (6). In view of the fact that these procedures are 
largely limited to analyses involving pure protein hydrolysates, and in 
view of the criticisms of these methods expressed by various workers 
(7-10), it seems clear that a micromethod suitable for use in connection 
with protein hydrolysates and more complex mixtures would be of value. 

In the last 2 years a considerable munber of publications have sho^vn 
the usefulness of microorganisms for the purpose of estimating amino acids 
(11-19), and very recently several microbiological procedures for deter- 
mining lysine have been proposed (20-22). The present paper describes 
the use of a mutant of Neurospora crassa in an assay for this amino acid. 

Neurospora offers a decided advantage over the usual test organisms 
in the simplicity of its nutritional requirements, for in addition to inorganic 
salts and a carbon source it requires only biotin. Mutant strains have 
been produced, however, which require a single additional growth substance 
(23). It has been shown that one of these mutants, strain 4545, requires 
lysine in addition to biotin and that its growth is specifically a function of 
the available lysine (24). The simplicitj”^ of this requirement has made 
it possible to analyze the difficulties involved in the bioassay for lysine. 

The basal medium used for these experiments is given in Table I. Al- 
though this mutant fails to grow in the absence of lysine, it has been found 
that the addition of other amino acids in the presence of lysine will stimulate 
heavier growth (24). This is interpreted as a sparing action exercised on 
the lysine. Extensive experiments have shown that asparagine and 
glutamic acid, when added as indicated in Table I, will stimulate to the 
maximum, thus making the amount of lysine the onlj' limiting factor. 

* Present address, Department of Biology, Vanderbilt University, Nashville, 
Tennessee. 
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Alkali-hydrolyzed zein ^\as also used to supplement the medium in order 
to test whether a more diverse supplement might alter the assay values. 
In these experiments a supplement of hydrolyzed zein at a level of 2.5 mg. 
per ml. and asparagine at a concentration of 0.5 mg. per ml. was used in- 
stead of the supplement given in Table I. Three protein hydrolysates 
weie assayed simultaneously on the two media. The average difference 

Table I 

Composilton of Basal Medtum 


This medium may be made up in 5 gallon Pyrex carboys, fitted with rubber 
stoppers and sterile siphoning apparatus, autoclaved,* and thus kept over a long 
period of time. 


Ammonium tartrate, gm 

5 0 

“ nitrate, “ 

1 0 

Monobasic potassium phosphate, gm. 

1 0 

Magnesium sulfate (7HjO), gm 

0 5 

Sodium chloride, gm 

0 1 

Calcium “ (anhydrous), gm 

0.1 

Sucrose, gm. 

20 0 

Biotin, " 

5 0 X I0-* 

Boron, t mg. 

0 01 

Molybdenum,! mg. 

0 02 

Iron,! mg. 

0.20 

Copper,! mg 

0 10 

Manganese,! mg 

0 02 

Zinc,! mg 

2 00 

Phosphate buffer, 0 5 m, pH 5 5, ml 

100 

Asparagine,! gm 

1 0 

Glutamic acid! 

1 0 

l(-l-)-Lysine (calculated as free base), mg 

Water, to bring volume to 1 0 liter 

5 84 


* Slight caramelization may occur, but this makes no noticeable difference in 
the results 
t As salts 

i Adjusted in solution to pH 7 0 before addition to the medium. 


between the lysine values was less than 2 per cent, and the largest difference 
was 4 per cent. 

Stocks of strain 4545 have been kept on slants containing the basal medi- 
um, plus agar 2 per cent, casein hydrolysate 50 mg. per cent, yeast extract 
0 5 per cent, malt extract 0.5 per cent, and Z(-l-)-lysme 10 mg per cent. 
The cultures are incubated on this medium for 5 to 6 days. At the end 
of this time enough conidia should be present for use in inoculating a senes 

for assay are made in 125 ml Erlenmeyer flasks, with 25 ml. 
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of basal medium per flask. Varying amounts of i!(+)-lysine ranging from 
0 to 0.6 mg. (calculated as the free base) are added to make up a standard 
cun'e. For dependable and accurate assays the range 0.1 to 0.5 mg. 
o ysine per flask should be used. When the concentration of lysine is 
a ove 0.6 mg. per 25 ml., the variability increases markedly, and when 
determinations are made below 0.1 mg., chance errors affect individual 
determinations too much. The natural isomer of the amino acid should 
be used throughout, since rfZ-lysine is approximately, but not exactly, one- 
hafl as active as Z(+)-lysine (24). Fig. 1 shows a typical standard curve. 

Material to be assayed must be hydrolyzed, and this may be accom- 
plished by any standard method which does not racemize the amino acids. 



Fig. 1. A standard curve for the assay of lysine with Ifeurospora mutant, strain 
4545. The points are averages of duplicate determinations. 

If sulfuric acid is used, it should be removed with barium hydroxide. The 
precipitate of barium sulfate must be thoroughlj'^ washed to prevent losses 
bj’' adsoiption. If hydrochloric acid is used, it should be largely removed 
by vacuum distillation before the pH is adjusted to 5.5 to 6.5 with potas- 
sium hydro.xide. It is desirable that the final concentration of material 
be 20 mg. per ml. or higher. No qjecial precautions need be taken to 
remove the humin. 

In a previous description of strain 4545 (24), it was shown that arginine 
IS a specific inhibitor for the lysineless mutants. For this reason it is 
necessary to remove the arginine from the material being assayed or to 
hydrolyze it to ornithine, for ornithine is inhibitorj' only if present in 
much higher concentration. Ar^nine, if present in equimolar amount with 
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Ij'sine, ivill, at a pH of 5.5, reduce the dij' weight of a 96 hour culture to 
one-half that of the control with no arginine. In comparison, the concen- 
tration of ornithine must be 28 times as high to produce the same effect. 

Two methods were tried in order to accomplish the removal of arginine. 
The arginine was precipitated as the silver salt in the manner described by 
Kossel and Kutscher (1). This method gave fairly reliable results, but 
the procedure is not simple, and occasionallj' inconsistent results were 
obtained. In the author’s experience, a more convenient and reliable 
method is that of hydrolyzing the arginine with arginase. The latter 
method has been used throughout the experiments reported here. 

A preparation of an arginase concentrate from liver has been made 
by a process similar to that of Hunter and Dauphinee (25). A quantity of 
liveri purchased in the market is ground and shaken \'igorously with an 
equal weight of water for 10 minutes. The container is then placed in a 
water bath at 62-65°, and constantly stirred. The mixture is allowed to 
come to 58° and is maintained at that temperature for 5 minutes, whereupon 
it is cooled under the tap. The suspension is placed in a fluted filter paper 
and allowed to filter overnight. The filtrate is adjusted to pH 7.0. It 
may then be evaporated to dryness by exposing it on a large clean glass 
surface. The dried extract is scraped off, dried further in a desiccator, 
'and ground to a powder. A preparation of this nature was used in this 
laboratory over a period of 3 months ivithout noticeable loss in arginase 
activity. 

An experiment to test whether the arginase preparation causes any 
destruction of lysine or whether it contains important amounts of lysine is 
shown in Table II. Only 4 7 of lysine were found per mg. of the prepara- 
tion: this amount is not sufficient to alter assay results significantly. Nei- 
ther does any measurable loss of lysine activity result from incubation 
with the preparation. 

For the destruction of arginine, 0.5 gm. of hydrolyzed material is placed 
in a 50 ml. volumetric flask and 25 mg. of arginase preparation are added, 
together with 20 ml. of 0.25 m pyrophosphate buffer. The pH of the solu- 
tion is adjusted to 8.5 to 9.0 ivith normal sodium hydroxide and the total 
volume brought to approximately 48 ml. The mixture is covered with 
toluene, incubated at 35° overnight, and, in the morning, adjusted to pH 
5.5 to 6.5 rrith 12 N sulfuric acid. Finally, the volume is brought to 50 
ml. with water, and the solution is placed in a boiling water bath for 15 
minutes and filtered. The filtrate, containing 10 mg. per ml., is used 
directly in the assay. The filtrate may be preserved under toluene for 

future reference. , 

In performing an assay experiment, a standard curvn is set up as oe- 

1 Hog liver was used in the experiments described here. 
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scribed pl■eviouslJ^ It is advisable to run a standard series with each 
assay, since a certain amount of variability in the standard curve is to be 
expected. The hydrolysate is distributed among 125 ml. Erlenmeyer 
flasks and 25 ml. of the basal medium are added to each. A range of con- 
centrations wde enough to insure having at least two levels in the assay 
range should be used. The flasks are plugged with cotton, autoclaved 
at 15 pounds steam pressure for 10 to 15 minutes, and, after being cooled, 
are inoculated \vith 1 or 2 drops of conidial suspension of the lysineless 
mutant. The cultures are incubated for 6.5 to 7.5 days. The mycelium 
is then removed with a needle or forceps, pressed as dry as possible on 
filter paper, dried for 3 hours in an oven at 75-90°, and weighed. The 

Table II 

Effect of Arginase Preparation on Lysine 
To each of three 10 ml. volumetric flasks (A, B, C) were added 4 ml. of 0.25 M 
pyrophosphate buffer (pH 9.0) and the substances indicated. All were adjusted to 
10 ml. with water, covered with toluene, and incubated for 18 hours at 35°. They 
were finally assayed for lysine with the Neurospora mutant. 


Flask I 

Lysine added j 

Arginase 
preparation 1 

Aliquot 
assayed* ' 

Lysine, found 

Lysine, 

theoretical 


1 

mi. 

ml. 

mi. 

mg. 

A 

7.3 

0 

0.2 

0.160 

0.146 




0.5 

0.365 

0.365 

B 

0.0 

so 

2.0 

0.036 


C 

7.3 

so 

0.2 

0.153 

o.isot 




0.5 

0.379 

0.374t 


* Aliquots assayed in triplicate. 

t Theoretical lysine is equal to the lysine added plus the lysine in the arginase 
preparation. 


Weights from the standard series are plotted and the assay values are 
calculated from the standard curve in the usual manner. 

The lysine contents of five hydrolj'sates were determined by this method. 
The results are shown in Table III together with values cited in the litera- 
ture for comparison. 

The reproducibility of values obtained by this method is shown by the 
experiments described in Table IV. Lysine values determined on the same 
material at different times agree with each other within 4 per cent. 

Table V shows the result of recover^' e.xperiments. The recoverj' of 
added lysine is between 97 and 109 per cent. It is noteworthy that the 
recoverj’’ of Ij^sine added to hydrolyzed Neurospora mjxelium was 101 
per cent, indicating that the method is apphcable to determinations on 
Very complex mixtures. 
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Table III 


Lysine Content of Various Hydrolysates 


Mateml 

Njtro* 
gen m 
fsampU* 

Ash 

content 

Lysinef 

Values from 
litcraturcf 

Remarks 

Casein Hydrolysate 1 



fitr cenl 

6.6 


Smaco, -vitamin-free 

" “ 2 

1 

I 

15.-40 


6.8 


preparation 

it «i 

Ovalbumin 

1-4 .S3 

4.5S 

6.3 

1 4.96 (9) 

Merck, technical 

Gelatin 

IS. 14 

1.70 

6.9 

! 6.4 (26) 

5.0 (27)t 
5.92 (9) 

t 

Difeo, Bacto-gelatin 

Gluten 

14.35 

2,33 

1.3 

5.9 (26) 

4.5 (27)1 

1.9 (27)1 

Pfanstiehl 


* Corrected for ash and moisture. 

t The numbers in parentheses refer to bibliographical references, 
i The values refer to those considered "best values” by Block and Bobing. 


Table H’’ 

Comparison of Results of Separate Assays of Same Hydrolysates 


Aliquots of ovalbunain and casein hydrolysates were treated with arginase prepa- 
ration on three separate occasions. The three samples were assayed at five differ- 
ent times. 


Material 

Arginase 
Treatment No. 

Assay 

Experiment No. 

Lysine* 




ptt 

Ovalbumin 

1 

1 

6.3S 


I 

2 

6.31 

1 

2 

3 

6.30 


2 1 

4 

6.40 


3 ! 

5 

6.32 

Average 

6.34 

Casein Hydrolysate 2 

1 

1 

6.79 


1 

2 

6.66 


2 

3 

6.92 


2 

4 

6.73 


3 

5 

6.87 


6.79 


* Corrected fdr ash and moisture. 
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If lysine is the only factor limiting the final amount of growth, lysine 
assays at various levels of a protein hydrolysate should not vary beyond 
the experimental errors. To test this a standard series was set up simul- 


Tabi.e V 

Recovery of Lysine Added to Hydrolyzed Materials 


Material 

Sample* 

Lysine in 
samplet | 

(a) 

Lysine 

added 

(») 

Total 

lysine 

found 

iO 

Lysine 

recovered 

(c-a) 

Recovery 


ms ' 

ms. ' 

ms 

ms 

m 

per cent 

Casein Hydrolysate 1 

2.74 

0.179 

0.292 

0.490 


106 

“ ff 2 

2.74 1 

0.186 i 

0.292 

0.490 

HSI 

104 

Ovalbumin . 

2 56 

0.164 

0.292 

0.473 



Gluten 

9 04 

0 120 1 

0.292 

0 404 


97 

Gelatin 

2 61 

0.180 ^ 

0.292 

0.499 

0.319 

109 

Neurospora mycelium 

10 

0.236 

0.292 

0 531 

0.295 

101 


* Corrected for ash and moisture, except in the case of Neurospora mycelium, 
t Calculated from Neurospora assay carried out simultaneously. 


Tabbe VI 


Lysine Determinations at Various Levels of Gluten Hydrolysate 


Hydtolyxtd gluten 

Lysine found ^ 

Lysine* 

ms 

ms 

per cent 

5 

0 064t 

1.42t 

5 

0 075t 

1.66t 

10 

0 123 

1.36 

10 

0.120 

1.33 

15 

0.180 

1.33 

15 

0.180 

1 33 

20 

0 242 

1 34 

20 

0 240 

1.33 

25 

0 302 

1 34 

25 

0 313 

1 38 

30 

0 375 

1.38 

30 

0 356 

j 1 32 

Average 

' 1 34 

1 


* Corrected for ash and moisture. 

t Not included in the assay average, since they did not fall between O.X and 0.5 mg. 
of lysine on the standard curve. 


taneously rvith a series having six concentrations of an arginase-treated 
gluten hydrolysate, and the lysine was determined at each level. The 
results are shotvn in Table VI . It is conclude J:hat, over the^nge covered, 
lysine is strictly limiting. - cdt 

n / ^ \ 
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A disadvantage inherent in the method as described is the length of the 
incubation period. The first experiments with this mutant were done 
u-ith 72 hour cultures. It was found, however, that various factors such 
as the concentration of certain amino acids would change the rate of 
growth, and therefore the results from 72 hour cultures. The amount of 
growth obtained after complete utilization of lysine was unaffected. It 
was found that under the prescribed conditions the lysine of the medium 
is completely utilized in 7 days. 7 day cultures were, therefore, used in 
later c.xperiments. 

In an attempt to speed up the assay, experiments were carried out ■\vi<h 
the Petri plate method used by Thompson, Isbell, and Mitchell (28) in a 
Neurospora assay for p-aminobenzoic acid. The experiments showed 
that, although the sensitivity can in this wa 3 ' be increased 10-fold and the 
period of assay reduced to 1 day, there are a number of extraneous factors 
which affect the rate of growth in Petri plates but do not alter the do' 
Weights obtained in flasks. Owing to these complicating factors, the Petri 
plate technique appeared to be inferior to liquid culture for Ij'sine assay. 

The usual procedure in establishing a method for the quantitative deter- 
mination of an amino acid is to compare the results obtained with the 
method in question with those obtained bj- other methods. In the case of 
Ij'sine, its content in casein has been most commonlj' used as a basis for 
comparison. In view of the fact that even the most recently cited figures 
vary over a range of 6.39 per cent- (9) to 8.3 per cent (22), it seems clear 
that a critical comparison of methods can be made only after the results 
have been obtained from a common hj'drolysate. 

Nevertheless it is possible to show that an assay method gives reliable 
results by less direct evidence. In this regard the Neurospora method 
appears to have satisfactory support. The reproducibility of results m 
separate experiments is shown to be good. The recovery experiments 
are vithin the limits accepted for microbiological procedures. And assays 
at different points on the standard curve give the same lysine values. 
Therefore, the method described would seem to be applicable to the deter- 
mination of lysine. 

SUMMARY 

A microbiological method for the determination of lysine by use of a 
mutant of Neurospora erassa is described. Tlte inhibition of growth wlxi(* 
characterizes lysineless mutants of Neurospora is overcome by the hydPol}'sis 
of arginine to ornithine by a preparation of liver arginase. It is shown 
that the results are reproducible, that they do not vary significantly over 
the assay range of the standard curve, and that good recoveries of added 

« Calculated from Table IV, p. 354, Cohn and Edsall (9). 
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lysine are found. Lysine values of four protein hydrolysates as determined 
by the Neurospora method are given. 

The author ivishes to express his appreciation to the members of the 
genetics laboratory of Stanford University for their constant help in the 
course of these experiments. 

This work was supported by a fellowship provided by the Nutrition 
Foundation, Inc. 

Ash and nitrogen determinations were made by G. Oppenheim and A. J. 
Haagen-Smit. 
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ACTIVITY MECHANISM OF YEAST EXTRACTS IN 
STIMULATING RESPIRATION 

Bt CORNELIUS W. KREKE and SISTER U. ST. AGATHA SUTER 
(From the Laboratories oj the Insliiuium Divi Thomae, Cincinnati) 

(Received for publication, May 26, 1945) 

Cook et oil. (1) showed that alcoholic extracts of yeast cells increased 
the oxygen uptake of skin, liver, and yeast, it being possible to secure by 
chemical means partial separation of these activities into three fractions 
responsible for the results (1, 2). It has also been shown that similar 
materials exist in extracts of other cells including liver, kidney, spleen (3), 
and some plant cells (4). Yeast cells, when injured with ultraviolet radia- 
tions, produced additional quantities of these substances, an optimum 
e.xposure existing for maximum stimulation (5). 

Recently, in an attempt to study the mechanism of the action of these 
principles, the yeast extract was found to stimulate the action of the iron- 
containing enzyme peroxidase in the oxidation of pyrogallol to purpuro- 
gallin (6) and also the enzyme catalase in the splitting of HzOj (7, 8). This 
stimulation was shown to be a direct excitation of the enzjTne, since the 
extracts possessed no catalase and only a slight peroxidase activit3^ It 
was suggested that the yeast extracts contained metal complexes which 
function by activating the enzyme. This seems to be supported bj' e.xperi- 
ments on such complexes. 

It was decided to investigate the respirator}’’ stimulation with the idea 
that the mode of action might be similar to peroxidase and catalase excita- 
tion. It is known that respiratory inhibitors such as KCN and NaNj 
selectively attack the cytochrome oxidase, while narcotics and anesthetics 
inhibit the cytochrome-reducing system which includes the deh}'’drogenases, 
the pyridino-protein enzymes, and the flavoproteins. With the use of 
these inhibitors it was thought possible to locate the point of action of the 
J'east extract in the respiratory chain. 

EXPERIMEISTTAL 

The aqueous alcoholic e.\tract corresponds to Sample A prepared as 
described previously .(1)- Experiments were carried out with bakers’ 
yeast {Saccharomyces cerevisiae) in Warburg respirometers. Respiration 
measurements were made at 30° in Ringer-phosphate-glucose solution 
(0.02 per cent glucose) at pH 7.3. The control flasks contained 1 ml. of 
yeast suspension (4 mg. of dry weight of j'east) and 2 ml. of Ringer-phos- 
phate-glucose solution, and 0.2 ml. of x KOH was placed in the inner 
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well to absorb COj. Experimental flasks contained 1 ml. of yeast extract 
and 1 ml. of the inhibitor diluted in Ringcr-phosphato'glucose solution to 
the desired concentration. 

Each inhibitor was tested for antagonism mth the extract in two ways. 
In the first, the solution of the inhibitor was placed in the chamber with the 
respiring cells immediately before the 15 minute equilibrium period, while 
the yeast extract (1 ml. containing the desired concentration) was placed 
in the side arm of the flask and spilled some time after the equilibrium. 
In the second, 1 ml. of inhibitor was spilled from the side arm, while the 
yeast extract was present in the chamber. 
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Fig. 1. Effect of yeast extract and potassium cyanide on yeast respiration. Con- 
trol, 3 'east -h Ringer -phosphate-glucose solution; Curve I, same as control + cyanide, 
extract added at 45 minutes; Curve II, same as control -F extract. 


In Fig. 1 is shotvn the antagonistic action of KCN and yeast extract on 
yeast respiration. Difficulty tvas encountered tvith KCN distilling from 
the side arm or chamber into the KOH well, but this was eliminated as 
suggested by Krebs (9) by adding a small amount of KCN in the KOH 
well (1 ml. of 0.1 M KCN + 5 ml. of x KOH). When KCN (m/24,000) 
was present alone witii the respiring cells (Curve I), the respiration was 
depressed from that of the control. When the yeast extract (6 mg. 
ml.) was spilled at the 45 minute period, the rate of respiration increased 
almost to that of the control, as shown by an immediate rise in the cun'e^ 
In Curve II, 3 'east extract was present in the chamber alone with the re^i^ 
ing cells throughout the entire experiment. In some experiments, KI/JN 
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was spilled from the side arm while the cells were respiring in the presence 
of yeast extract. No decrease in the rate of respiration was obtained. 

The antagonistic action mth KCN concentrations ranging from m/3000 
to m/60,000 was tested. As would be expected, higher concentrations were 
antagonized to a smaller extent than the lower ones ^vith the same level 
of yeast extract (6 mg. per ml.). 



Fig. 2. Effect of yeast extract and sodium azide on yeast respiration. Control, 
yeast + Ringer-phosphate-glucose solution; Curve I, same as control + extract, 
azide added at 30 minutes; Curve II, same as control -f azide, c.xtract added at 30 
minutes. 

In Fig. 2 is shotvn the effect of NaNs on yeast respiration when yeast 
extract is present (6 mg. per ml.). Curve I shows the stimulation of the 
yeast extract for 30 minutes. At that point 1 ml. of NaNs to make a 
final concentration of m/30,000 was spilled from the side arm but no change 
in the rate of respiration was obtained. The NaNs had no effect. Curve 
11 shows the effect of m/30,000 NaNs alone on yeast respiration for 30 
minutes. 1 ml. of the yeast extract was then spilled and immediately 
there was a rise in the curve, the rate of respiration increasing to parallel 
that of the control. The NaNs therefore had no effect when 3 'east extract 
was present. 
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In order to answer the question as to the importance of the dehydro- 
genases, coenzymes, and flavoproteins in the respiratorj' chain as affected 
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Fio. 3. Effect of yeast extract and pticnyluretlianc on yeast respiration. Control, 
yeast -h Ringer-phosphato-glucosc solution; Curve I, same as control -t- extract, 
urethane added at 30 minutes; Curve II, same as control -h urethane, extract added 
at 30 minutes. 



Fia. 4. Effect of yeast e.xtract and amyl alcohol on yeast respiration. Contro , 
yeast + Ringer-phosphate-glucose solution; Curve I, same as control -h extrac , 
alcohol added at 30 minutes; Curve II, same as control -f alcohol, extract added a 
30 minutes. 

by yeast extract, it was thought advisable to test the possible antagonism 
of the extract against such inhibitors as phenylurethane and amyl alcono 
which are considered to block the dehydrogenating system. 
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The inability of the extract (6 mg. per ml.) to antagonize m/18 phenyl- 
urethane is shown in Fig. 3. When the yeast extract was spilled from 
the side arm at the 30 minute period (Curve 11), no change in the rate of 
oxygen uptake was obtained. Also, when phenylurethane was spilled 
from the side arm (Curve I) there was an immediate depression of respira- 
tion even though the cells were respiring in the presence of e.xtract. Many 
experiments were performed ■with increasing dilutions of the urethane until 
the amount of depression was extremely slight; yet the yeast extract could 
not offset the depression. Ethylurethane gave the same qualitative results. 
With m/350 amyl alcohol, Fig. 4, the same inability to offset depression 
was observed (Curve II). Amyl alcohol, however, was a veiy unsatis- 
factory inhibitor for these experiments because of its inability to depress 
respiration in some cases. This probably explains the inability of amyl 
alcohol to depress in the presence of the yeast extract (Curve I). However, 
in no case was the yeast extract able to increase the respiration when the 
yeast was respiring in the presence of amyl alcohol. 

These teats were carried over to rat skin and hver with sumlar results; 
i.e., the yeast extract completely offset the depression caused by ICCN 
and NaNj on skin and liver as it did for yeast. In the case of skin, the 
extract had no activity in the presence of urethane or amyl alcohol ; however, 
with liver there seems to be a slight activity. We do not feel that this 
activity is significant, since stimulation of the liver respiration was ob- 
tained 'with urethane or amyl alcohol itself. Concentrations from m/350 
to m/5600 were tested for both urethane and amyl alcohol '(vith the same 
qualitative results. 


DISCUSSION 

From the data presented it seems quite clear that the active principles 
of the yeast extract are definitely effective against KCN and Naiss for 
yeast, skin, and liver, but have no action against urethane or amyl alcohol 
except possibly a slight one in the case of liver. 

It is possible that the antagonism to cyanide and azide and the stimula- 
tion of respiration may be caused bj'' different substances in the extract; 
t.e., certain substances may inactivate the inhibitors and otheis mai acceto- 
ate respiration. While this seems likely in the case of certain non-specific 
inhibitors, such as phenylmercuric nitrate (10), to be discussed in detail 
in a later paper, we feel that the respirator}' effects and the antagonism 
to cyanide and azide are closely bound together. If this is true, the site 
of action is indicated as the cytochrome oxidase portion of the chain. 
This would seem to be supported by the effects of the ex-tract on the similar 
enzymes, peroxidase (6) and catalase (7, 8), and by the facts that the extrac 
is ivithout effect on succinic dehydrogenase and increases the oxvgen upta 'e 
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of the cytochrome-cytochrome oxidase-ascorbic acid system of Schneider 
and Potter (11) (unpublished data). Indeed, the oxidase is by-passed and 
ascorbic acid is oxidized directly by the extract. This effect and the over- 
coming of cyanide- and azide-inhibited respiration may perhaps be best 
e.xplained by the presence in the extract of auto>ddizable substances which 
carry oxygen directly to hydrogen acceptors. This could be fulfilled by 
such prosthetic groups as the alloxazine nucleotides or pyridine nucleotides, 
although no positive evidence is available that they are involved in the 
extract action. These possibilities are under investigation. 

SUMMARY 

Evidence is presented to show that the site of action of yeast extracts 
active in increasing the respiration of various cells and tissues is the cyto- 
chrome portion of the chain, since iron inhibitors could be antagonized by 
the extract. Inhibitors which attack the dehydrogenating end of the 
respiratory system could not be antagonized. It is suggested that yeast 
extracts contain substances which by-pass the cytochrome oxidase or entire 
cytochrome chain. 
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(Received for publication, June 4, 1945) 

The conversion of uric acid into allantoin involves hydration, oxidation, 
and decarboxylation. Despite the complexity of this reaction, the enzy- 
matic oxidation of uric acid has generally been assumed to proceed as a 
single reaction. In contrast to this, permanganate oxidation of uric 
acid in alkaline solution has long been recognized to involve a number of 
separate steps. Biltz (1) in 1921, summarizing his own investigations and 
those of previous workers, concluded that the first step of the reaction is an 
oxidation at the double bond, leading to an extremely unstable compound 
which immediately decomposes ivith the formation of hydro.xyacetylene- 
diureine-carboxylic acid. This latter compound breaks down either to 
uroxanic acid or to allantoin, depending on the hydrogen ion concentration 
of the solution from which the reaction product is crystallized. Hydroxy- 
acetylene-diureine-carboxylic acid has actually been isolated in the 
form of an amorphous silver salt by Schuler and Reindel (2) as an inter- 
mediary oxidation product of uric acid. 

The mechanism of oxidation of uric acid by enzymes extracted from mam- 
malian tissues was first investigated by Wiechowski (3) in 1907. 
He demonstrated that allantoin was formed in the reaction by isolating it 
from the reaction mixture. In 1909 Battelli and Stem (4) in the course of 
a thorough investigation of the properties of uricase showed that the 
amounts of oxygen used and CO 2 produced during this enz 3 Tnatic oxidation 
agreed fairly well nith those required by the theory that allantoin v as the 
only product. However, in 1929 FeUx and coworkers (6) published experi- 
ments indicating that under certain conditions 0- consumption proceeded 
at a faster rate than CO 2 production and demonstrated the existence of tv o 
different optimal hydrogen ion concentrations for Oj consumption and CO; 
production. They postulated the presence in their preparation of tvo 
separate enz 3 rmes catalyzing oxidation and decarboxylation. In 1932 
Schuler (6) demonstrated that at pH 8.9 only 17.8 per cent of the theoretical 
amount of CO; was formed and he produced some e^ddence that hj drox- 

• This is Publication No. 86 of the Robert W. Lovett Memorial Foundation for the 
Study of Crippling Disease, Har%’ard Medical School, Boston. These studies were, 
made possible by a grant from the Commonwealth Fund, New lork. 
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yacetylene-diureine-carboxylic acid was formed during the enzymatic 
oxidation of uric acid. Keilin and Hartree (7), however, were unable to 
confirm the data of Felix and Schuler. Thej’' found only one pH optimum 
of 9.2 for the oxidation of uric acid and, without quoting specific experi- 
ments, stated that the respiratory quotient was consistent uith the reaction 
which they formulated as follows: 

(1) Uric acid + Oj -f HjO — ♦ allantoin + CO- -1- H,Oj 

Davidson (8) in 1942 used a highly purified enzj'me preparation for the 
oxidation of uric acid and isolated allantoin from the reaction mixture. 
He therefore concluded that only one enzyme is involved in the formation 
of allantoin from uric acid. This is convincing evidence that allantoin 
is formed by the action of uricase. However, it vill be shomi in this 
paper that more than one end-product is formed in the reaction, pre- 
sumably by spontaneous decomposition of an extremeh' unstable primary 
product of the enzj'matic oxidation of uric acid. 

Methods 

Uricase was prepared either from pig liver or beef kidney. No differ- 
ences could be detected in the action of these two preparations. The 
tissues were ground and extracted with acetone according to the method 
of Keilin and Hartree (7). 4 gm. of the dried powder were extracted at 
’ 38° with 100 ml. of Spreasen’s borate buffer of pH 9.2 and the clear extract 
brought to a pH of 4.5 bj' adding 0.46 part of 0.5 N acetic acid. The pre- 
cipitate thus formed contained the entire enzyme activity which equaled 
approximately that of the ammonium sulfate precipitate of Davidson (8). 
The catalase content of the preparation was high. This acetic acid precipi- 
tate, prepared freshly and dissolved in borate buffer, was used in all experi- 
ments reported in this paper. 

Uric acid w^as determined by the method of Folin (9). 

O 2 consumption and CO 2 production were measured manometrically by 
Warburg’s direct procedure, with vessels having two side arms. 

The potassium salt of uroxanic acid was prepared by permanganate 
oxidation of uric acid according to Biltz’s (10) directions, l^en prepared 
freshly, it contained 3 molecules of water. Some of the w'ater was lost 
when the salt was stored in the desiccator. The tertiary silver salt of 
hydroxyacetylene-diureine-carboxylic acid was prepared according to 
the method of Schuler and Reindel (2). 

Results 

The experiment shown in Fig. 1 demonstrates that during the o.xidation 
of uric acid 0.5 equivalent of O 2 was used. This is in agreement wit 
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Keilin’s findings and demonstrates that H 2 O 2 formed in the reaction was 
completely decomposed by the action of catalase present in the enzyme 
preparation and that secondary oxidation due to H 2 O 2 did not take place. 
The amount of CO 2 produced was only 40 per cent of that expected if the 
activity had proceeded according to Reaction 1. Fig. 1 also shows that 
the amount of CO 2 does not increase after the completion of the oxidation. 
This is strong evidence against Schuler’s theory that hydroxs'acetylene- 
diureine-carboxylic acid is formed by the action of uricase and then 
decarboxylated by a second enz 3 mie. The findings can best be e.xplained 
by the assumption that an e.xtremely unstable primary oxidation product 



Fig. 1. Oxygen consumption and COi production during enzymatic oxidation of 
uric acid. Main vessel, 2 mg. of uric acid in 2 ml. of Sprensen’s borate buffer, final 
pH 9.5; Side Vessel 1, 0.2 mi. of uricase solution corresponding to 0.12 gm. of acetone 
powder (beef kidney); Side Vessel 2, 0.3 ml. of 2 m lactic acid. Temperature 3b ; 
gas, oxygen. The three curves represent the results obtained from three separa e 

vessels. At time zero, enzyme was added to the uric acid solution in all "v esse s. ^ e 

arrows indicate the times of addition of lactic acid, (correction for C • containe 
in the reagents was applied. 

is formed by the action of uricase which immediately decomposes t\ ith the 
formation of more than one stable compound. No changes in piessure 
occurred after the liberation of CO 2 by lactic acid. This proves that the 
compounds formed are stable in weakly acid solution. 

' The isolation of allantoin (3, S) from the reaction mixture provc-s that 
this is the compound formed by oxidation and decarbox'j lation o unc 
acid, and the amount of allantoin formed is assumed to be eqmvalent to Hie 
quantity of CO, produced during the reaction. Attempts to isolate other 
oxidation products failed. However, it was possible to identify the-'e 
substances by indirect methods. The fact that thej' nere form rom 
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nine acid without the loss of COj indicated that they contained 5 carbon 
atoms. They also contained all of the nitrogen originally present in uric 
acid, since neither ammonia nor urea was formed during the oxidation. 
This was shown by incubating uric acid m'th crude uricase in phosphate 
buffer at pH 8.0. After complete oxidation of uric acid, urea or ammonia 
could not be detected by the method of Van Slyke and Cullen (H). The 
use of borate buffer had to be avoided in this experiment because of its in- 
hibitory effect on the action of urease. 

The number of possible oxidation products of uric acid which contain 
5 carbon and 4 nitrogen atoms is limited, and if the mode of linkage of the 
nitrogen atoms could be determined, the structmre of the molecule would 
be known. The reaction with nitrous acid proved to be suitable for the 
solution of this problem. Biltz (10) had shown that in the presence of 
mineral acids nitrogen bound in ring form did not react with nitrous acid, 
wliile the nitrogen of an open chain was liberated. Thus uric acid 3 delded 
no faitrogen, while allantoin gave off 2 atoms. All 4 nitrogen atoms of 
uroxanic acid were recovered. A micromethod was therefore worked out 




which permitted the determination of labile nitrogen in the high dilutions 
made necessary by the experimental conditions. Van Slyke's (12, 13) 
procedure for the determination of amino nitrogen, with acetic acid as 
the acidifying agent, was first attempted but proved unsuitable because of 
the slowness of the liberation of urea nitrogen and the relatively high 
blank values which occurred when the reaction was allowed to proceed for 
several hours. The use of dilute sulfuric acid, as recommended by Biltz 
(10), although allowing the reaction to proceed at a faster rate, was also 
accompanied by a high blank which made tins method unsuitable for micro- 
deternunation. It was found that in the presence of lactic acid the nitrous 
acid reaction proceeded at a satisfactory speed , while the amount of nitrogen 


formed by the reagents alone w'as considerably smaller than in other pro- 
cedures. Under these conditions, however, the amount of NO formed ivas 
too large to permit the use of the apparatus designed by Van Slyke. The 
apparatus shown in Fig. 2 obviated this difficulty and was satisfactory for 
our purpose. The reaction vessel. A, made from a 15 ml. centrifuge tube, 
was connected to a CO 2 generator. In this reaction I'essel 2 gm. of solid 
NaNOj were placed, and 5 ml. of a neutralized solution containing 0.5 
to 3 mg. of labile nitrogen wnre added. The vessel w'as then closed with 
a rubber stopper w’hich contained the gas outlet as well as a burette (B) 
whose tip W'as drawn out to a fine capillary. This burette had previously 
been filled with concentrated lactic acid. The absorption tubes, C, con- 
tained a saturated solution of potassium dichromate in concentrated 
HNOj In order to assure complete absorption of NO, fresh reagent was 
used for each determination. CO, was absorbed in tube D which contame 
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40 per cent KOH. The nitrogen was measured in a 5 ml. micro burette, 
E, over dilute alkali. The entire apparatus was freed of air by passing 
through it a current of air-free COi and ejecting all gases collected in D 
and E through the 2-way stop-cock, F. 1 ml. of concentrated lactic acid 
was then added slowly from B and the solutions were mixed by passing a 
small amount of CO 2 through A. During this procedure, stop-cock F 
was kept closed and the leveling bulb connected to D was lowered suffi- 
ciently to cause slight negative pressure in the reaction vessel, A. The 
reaction was then allowed to proceed for exactly 1 hour, at the end of which 
time the stop-cock of A was opened and the nitrogen formed flushed from 



Fig. 2. Apparatus for the determination of labile nitrogen with nitrous acid 


A into D by a rapid stream of CO 2 . During this procedure NO and CO. 
"ere absorbed. By means of the leveling bulbs, the nitrogen was then 
transferred to the burette, E., and measured. To test for completeness of 
absorption of NO, a modified Hempel pipette was attached to F and the 
gas treated vith alkaUne permanganate solution according to Van Sl 3 ’ke s 
directions. This procedure, however, proved to be unnecessarj* and vas 
later abandoned, since absorption of NO bj’' the dichromate solution was 
alwaj^s complete. A blank determination was then run on 5 ml. of water. 
The amount of nitrogen formed from the reagents within 1 hour ne\er 
exceeded 0.26 ml. The blank was subtracted from the e.xperimental 
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reading and after the temperature and barometric pressure were measured 
the amount of nitrogen was calculated b3' means of the table given by Van 
Slyke (12). 

In Table I the amounts of nitrogen liberated from vaiious compounds 
at 25° during 1 hour are given. Onlj' minimal amounts of nitrogen are 
formed from uric acid, since all of its nitrogen is bound in stable rings. 
Urea and uroxanic acid on the other hand, which contain all nitrogen in 
open chains, react quantitatively with nitrous acid. The excess of nitrogen 
produced from uroxanic acid is explained by the formation of malonic acid 
(10) which is known to liberate small amounts of nitrogen from nitrous 
acid (14). The urea nitrogen of aliantoin reacts promptly, while the 
iminazole ring is fairlj’ resistant to the action of nitrous acid. If, however, 
the reaction is permitted to proceed for longer periods, slightly more than 
2 atoms of nitrogen are liberated. Hydroxj’acetj’lene'diureine-carboxjdic 


\ Table I 


Fraction of Kiirogcn jyAicfc Reacts with Nitrous Acid 



Total K 

LabdeN 



mt 



Uric acid 

1 67 

0.066 

0 01 

Urea 

2.26 

2.25 

1 00 

K uroxanate 

1 73 

1.88 

■Ml 1^1 

.Aliantoin 

2.S7 

1 21 


Hydrovyacetylene-diurcine-carboxylic acid* 

2 09 

1.21 



* The tertiary silver salt w as decomposed with an excess of NaCI and the filtrate 
from AgCl used for the determination Total X was determined by the Kjeldahl 
method. 


acid, an unstable compound, decomposes to aliantoin in the presence of 
strong acids. Tliis instabilitj- of its ring systems explains the liberation of 
2 equivalents of nitrogen. There can be no doubt that the silver salt, « hich 
cannot be crystallized, contained appreciable amounts of uroxanate and it 
is therefore not surprising that the amount of labile nitrogen obtained from 
this preparation is greater than that obtained from aliantoin. 

If two nitrogenous compounds are present in the reaction mixture, the 
total amount of nitrogen liberated by HNO: is equal to the sum of the 
amounts of nitrogen given off by the substances individually. This wm 
shown by analyzing 5 ml. of a solution containing 1.15 mg. of aliantoin 
nitrogen and 1.04 mg. of uro.xanic acid nitrogen. The amount of nitrogen 
which reacted with nitrous acid in 1 hour was 1.65 rag. This is m a^ee- 
ment with the figure of 1.62 which is derived by adding 
labUe nitrogen of aliantoin and uroxamc acid calculated with the facto 

given in Table I. 
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In the experiments summarized in Table II, uric acid was incubated with 
uricase in the presence of Sorensen’s buffers in an atmosphere of O 2 at 
38°. O 2 consumption and CO 2 production were measured manometrically. 
After completion of the oxidation, proteins were precipitated with tungstic 
acid and 5 ml. of the neutialized filtrate analyzed for labile nitrogen by the 
method described above. In several experiments pioteins were removed 
by ultrafiltration according to the procedure of Coolidge (15). The results 
obtained on ultrafiltrates agreed with those obtained on tungstate filtrates, 
indicating that tungstic acid did not cause decomposition of the oxidation 
products of uric acid. 

In Experiment 1 borate buffer was used and the final pH of the solution 
vas 9.10. From the amount of CO 2 produced it is concluded that 0.27 
equivalent of allantoin was formed from uric acid. Since in 1 hour 0.42 of 
allantoin nitrogen reacts with nitrous acid, 0 27 X 0.42 = 0.113 equivalent 


Table II 


ExpnunentNo 

Buffer 

pH 


COs produced per mole uric acid, mole 
Total N per ml filtrate, mg 
Labile" “ “ “ “ 

“ “ in terms of total N, equivalent. 

“ “ from allantoin, in terms of total N, equivalent 

“ non-allantom N, " “ “ “ “ “ 

Total “ “ ** “ ** ** “ 

Labile „ . 

non-allantoin 



1 

Borate 

9 10 

2 

Phos- 

phate 

6 76 

3 

Phos- 

phate 

7 93 






0 320 

0 389 

0 251 


0 284 




0 887 

Iti 

liliwH 


0 113 


0 231 


0 774 

0 207 

0 359 


0 73 

0 46 



1 06 




of the labile nitrogen is accounted for by allantoin. The remaining 0 774 
equivalent of labUe mtrogen must have been liberated from a compound 
containing 0.73 of the total nitrogen present. This proves that in addition 
to allantoin a substance was formed which on reaction with nitrous acid 
loses 4 nitrogen atoms which must therefore be linked in open chains This 
substance has also been shonm to contain all carbon originally present in 
uric acid and to be stable in weakly acid solution. The only o^dation 
product of uric acid which conforms to this description is uroxanic aci 


COOH 

NHi — CO— NH — C — NH— CO — 

I 

COOH 

In the second column of Table II the results of an experiment are sim- 
marized in which the oxidation of uric acid was carried out in m/15 p o- 
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phate buffer at pH 6.76. These results indicate that the amount of allan- 
toin formed is larger than that which was formed in alkaline borate buffer. 
The yield of labile nitrogen of only 0.434 equivalent indicates that in 
addition to allantoin a compound was formed which contained 0.45 equiva- 
lent of its total nitrogen or 2 of its 4 nitrogen atoms in a labile linkage. 
Although more than one theoretical possibility could explain these results, 
it appears most probable that hydroxyacetylene-diureine-carboxylic acid 
was formed, because this is the only known oxidation product of uric acid 
which contains 5 carbon atoms and 4 nitrogen atoms, of which 2 are lost on 
treatment with nitrous acid. 


CO OH 


0=C 




NH- 


-NH 


\ 


NH- 


\ 


-C— 

I 

OH 


-NH 




C=0 


The figure of 0.45 for the equivalent of labile nitrogen in hydroxyacet- 
ylene-diureine-carboxylic acid obtained from this experiment appears 
more significant than that given in Table I, which was obtained from an 
impure compound. Although subject to slight error, it will be used in 
subsequent calculations. 

In Experiment 3 given in Table II uric acid was oxidized in phosphate 
buffer at pH 7.93. The results indicate that the labile nitrogen in the 
non-allantoin fraction amounted to 0.80 of its total nitrogen. This figure 
can be explained only by the assumption that the non-allantoin fraction 
was composed of two compounds; namely, uroxanic acid and hydroxy- 
acetylene-diureine-carboxylic acid. 

In Table III are given the equivalents of labile nitrogen and COj formed 
per molecule of uric acid by the action of uricase at various hydrogen ion 
concentrations and in different buffer solutions. The amounts of hy- 
droxyacetylene-diureine-carboxylic acid and uroxanic acid were calculated 
from the ratios of labile to total nitrogen in the non-allantoin fraction, 
determined as above, and the ratios of labile to total nitrogen in hydroxy- 
acetylene-diureine-carboxylic acid and uroxanic acid ^ven in Table I. 
Table III demonstrates that the relative quantities of the three reaction 
products vary not only with the concentration of hydrogen ions but are 
also a specific function of the buffer ions. Change in oxygen tension or 
concentration of enzyme had no effect on the composition of the oxidation 
products. Similarly, identical results were obtained whether the enzyme 
was prepared from beef kidney or from pig liver. 
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The stability of the oxidation products of uric acid in the presence of the 
enzyme prepar^ition is sufficient proof that these do not represent succes- 
sive steps of degradation. However, the possibility that each of these 
compounds is the result of the simultaneous action of a diSerent enzyme 
deserves consideration. If this were the case, the allantoin formed would 
exhibit optical activity, since this is a property common to all knovm en- 
zymatic products containing asymmetric carbon. The following ex- 
periment demonstrated that allantoin formed by the action of uric acid is 
racemic. Uric acid, dissolved in phosphate buffer of pH 7.45, was in- 
cubated with uricase. At the end of 2 hours, 1.28 mg. of uric acid per ml. 
nere oxidized. After precipitation of proteins with tungstic acid, causing 
a dilution of 10 per cent, no optical rotation was detected in a 200 mm. 
tube. The optical activity of d-allantoin according to Thomas and De- 
Graeve (16) is Od = +93°. Since under the conditions of the experiment 

Table III 


Relative Quantities of Oxidation Products of Uric Acid 


BuSer 

pH 

P 

6 76 

P 

7 31 

P 

7 93 

B-HCI 

7 87 

B 

9 10 

B-NaOH 

9 45 

G 

9 14 

Equivalent labile N X 0 25 

0 434 


0 590 

0 700 

0 887 

0 715 


COs (allantoin) 

0 54 


0 55 

0 09 

Em 

0.40 

0 78 

" HDC 

0 46 


0 21 

0 52 


0 17 


uroxanic acid 

0 

d 

0 24 

0 39 


0 43 



HDC = hydroxyacetylene-diureine-carboxylic acid; P = Sdrensen’s phosphate 
mixture; B-HCI = Sdrensen’s borate-HCl mixture; B = Sprenseu’s standard borate; 
B-NaOH = Sdrensen’s borate-NaOH mixture, G = Sprensen’s glycine-NaCl-NaOH 
mixture. 


55 per cent of uric acid is converted to allantoin, a rotation of 0.12° should 
have been found if the allantoin had been optically active. According to 
Fosse et al. (17) optically active allantoin is stable in neutral and acid 
solutions and therefore racemization did not occur during the experiment. 

niscussioN 

According to the findings reported in this paper, the breakdown of uric 
acid by uricase in vitro must be rewritten as follows: 

(2) Uric acid -f- Oi + HjO — ► CiX,©)!!, + HjO, 

-* (a) + HjO -♦ hydroxyacetylene-diureme-carboxylic acid 

(3) CtlxhOjH, — ► (6) -i- HtO — > allantoin -h CO, 

-+ (c) -1- 2H»0 — * uroxanic acid 

Reaction 2 is catalyzed by uricase. The primarj’ reaction product is 
unknown and maj’' have a higher water content than is indicated by the 











THE ESTIMATION OF SMALL AMOUNTS OF CAEBON 
MONOXIDE IN BLOOD* 
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During the past 3 years, Roughton and Horvath (1, 2) have described 
some improvements in the gasometric estimation of carbon monoxide in 
blood with the Van Slyke apparatus. Recently Scholander and Roughton 
(3) have apphed their syringe-capiUaiy method to the problem and have 
attained an accuracy of the same order as that of many of the Van Slyke 
methods. In "Appendix II” of their paper Roughton described a combina- 
tion of the Van Slyke and the syringe-capillary techniques (see also (4)). 
Further development of the latter method since 1943 has shown that it is 
possible to estimate the CO liberated from blood by vacuum and acid ferri- 
cyanide with an average accuracy of about ±0.10 c.mm. if the total CO 
does not exceed 10 c.mm. ; i.e., to within ±0.02 volume per cent in the case 
of 0.5 cc. blood samples of CO content ranging from 0 to 2 volumes per cent. 
To reach such a standard with previous Van Slyke gasometric methods has 
required blood samples of at least 2 cc., and the present method has there- 
fore proved of value in CO-blood volume determinations, especially in the 
case of small animals from which only limited quantities of blood can be 
dra'wn. The method has also been applied to the estimation of low per- 
centages of CO in air (see the accompanying paper (5)) and to the study of 
the fate of CO in the body during recovery from carbon monoxide poisoning. 

With larger volumes of liberated CO, i.e. 10 to 200 c.mm., the average 
accuracy ranges correspondingly from 0.15 to 0.40 c.mm. These figures are 
on a par with the most accurate O 2 content determinations quoted b}' Peters 
and Van Slyke (6) . It has often been difficult, hitherto, to obtain quite such 
good results in the case of most gasometric CO methods. The present 
technique therefore has advantages over the whole range of CO saturation, 
though our experience of it has been most extensive in the lower range. 

The full experimental details and tests of the combined Van SIj^e-sjTringe 
method are given below. Some of the features have been described before, 
but, since lack of attention to any single detail in the techmque is liable to 
lead to a loss of accurac}'', it has seemed well to give a complete r&urnd of all 
details of the method, old and new. 

* The work described in this paper was done under a contract, recommended b3 
the Committee on Medical Research, between the Office of Scientific Research and 
Development and Columbia Universitj". 
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EXPERIMENTAL 


Principle of the Method — The blood is laked and shaken twice- in vacuo 
in the Van Slyke-Neill gasometric apparatus with a sodium borate-hydrosul- 
fite solution. The dissolved nitrogen is completely extracted, the CO, Oj, 
and most of the CO; rema in ing in solution chemically bound. The ex- 
tracted Nj is quantitatively ejected without loss of solution, and the CO and 
COj of the solution are then hberated by shaking with a deaerated feni- 
cyanide-acetate mixture, the O- remaining bound by the hydrosulfite. 
After absorption of the COj bj' deaerated alkali, the pressure of the residual 
gas (t.e., CO plus a trace of N*) is measured at the 2.0 and 0.5 cc. marks, and 
the percentage of CO therein is obtained by transferring the whole, .or an 
aliquot, of the bubble from the Van Slyke chamber to the Scholander- 
Eoughton syringe-capillarj' apparatus, where it is accurately analyzed 
according to their usual procedure. From these readings the CO content of 
the blood sample is readily calculated. 

Reagents — 

Caprylic alcohol. 

1 per cent saponin. This is freshly prepared each day. The “toxio” 
brand of Eimer and Amend has proved quite satisfactorj’. 

3 per cent sodium borate (Na5B4O7*10H;O). 

Solid NaiSi 04 . 

32 per cent KjFeCNt (analytical grade). 

Acetate buffer. 70 gm. of sodium acetate (NaQ!HjO--3H.O) are dis- 
solved in 100 gm. of water and 15 cc. of glacial acetic acid are added. 

Winkler’s solution. 20 gm. of cuprous chloride, 25 gm. of ammonium 
chloride, and 75 gm. of w’ater are placed in a bottle just large enough to hold 
them. The bottle is corked, shaken with as little air as possible, and the 
predpitate then allowed to settle. A coil of copper wire is placed in the 
solution, which is then covered with a layer of paraffin oil. After some time 
the reagent becomes colorless. 

30 per cent NaCl. 

4 per cent NaOH. 50 to 70 cc. are stored in a 100 cc. burette with rubber, 
connections and pinch-cock^ at each end. 

45 per cent urea. 

Roughly 2 N HCl. 1 part of concentrated HCl is diluted with 4 parts of 


distilled water. 

Hydrosulfite-borate solution. This is prepared each day by nUing a 
cc. test-tube almost to the top with a 3 per cent sodium borate solution ^ 
then tipping in roughly 0.5 gm. of sodium hydrosulfite. The tube is corki^ 
and shaken to dissolve the Na;S 204 , and the mix-ture is then poured into a /o 

cc burette with minimum air contact. 

Wery 2 of 3 days 1 part of acetate buffer is mixed with 4 parts of 32 per 
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cent KsFeCNj, and 50 to 70 cc. of the mixture placed in a 100 cc. burette 
with rubber connections and pinch-cocks at each end. 

The NaOH solution and the ferricyanide-acetate solution are deaerated 
in their respective burettes which are connected to a water pump, evacu- 
ated, and shaken for 2 minutes. The burettes are placed vertically in 
stands and the vacuum released by opening the top pinch-cock shortly 
before the solutions are required in the analysis. No oil is used in the bu- 
rettes in view of the high solubility of air in oil and the possibility of traces 
of oil sticking to the sides of the bmette, thereby reaerating the solutions to 
a slight extent. In the present technique it is essential to keep the dissolved 
air content of the NaOH and ferricyanide at a minimum, and for best results 
the burettes should be reevacuated and shaken every hour during the course 
of the day’s measurements. Alternatively the NaOH may be stored over 
mercury in a Sendroy vessel (7), but this is undesirable in the case of the 
ferricyanide solution because of the oxidizing action of the latter on the 
metal. 


Procedure 

5 cc. of distilled water are first evacuated and shaken in the clean chamber 
of the Van Slyke apparatus, and the mercury resenmir then lowered so as to 
draw the evacuated water well down into the rubber connection between 
the chamber and the rest of the apparatus. The evacuated water and 
liberated air are then expelled and 3 to 4 drops of caprylic alcohol drawn into 
the chamber. 0.5 to 2.0 cc. of the blood, the CO content of which is to be 
analyzed, are then run into the Van Slyke cup and thence into the chamber. 
2 cc. of 1 per cent shponin are next put into the cup and run slowly into t e 
chamber, the tap closed, and the blood and the saponin mixed ^d allowed 
to stand for about a minute to insure complete laking. 2 cc. of the Na. 2 4- 
borate solution are then run into the cup and thence into the cham er, t e 
saponin and the Na^SjOi solution are suflacient to wash aU the blood quanti- 
tatively into the chamber. This method of introducing the blood mto the 
chamber is feasible in instances such as the present in wUch shg t con^ c 
of the blood with air does not matter, and we have found it more 
than the usual one of delivering the blood from a rubber-tippe pipe e 
through solution in the cup, though the latter can be adhere to 1 e 
reader prefers. , , 

The tap is sealed and the mercury is lowered to the 50 cc. ® ® 

her covered with black paper, and the blood solution evacuated > s a g 
for minutes. The extracted gases are quantitatively e^e wi ou 
loss of blood solution and the evacuation repeated for 1 J nmute to insure 
complete extraction of the dissolved Nj. The small hubb e o t^ even 
after the second extraction is mainly CO-. The cup is dried wi a ro 0 



tie ordri?.— - ~sv st the 2.0 cc- ~-trk C-ti}. lesst i iithittte sEetrcd 
for Grafnize. £zd also at the 0.5 cr. — ^~ V (r- j'.* 

The ner: step is to cetertzize the perteztsze of CO ia this gas iz the 
chaztber. This is coze iz the foilatrizz ■^tzy. The Vaa, Sivke cza is zZed 
Tvith SO per cezt NaCi azd the gas ta the chaztber brozzht ca ceariy to 
azz:o^h£r:e pressure. The tap is caezed cautfoush*' to aTotrs drop cr rroo 
c: XaCI soiuuoz to pas thrczza aad clear the rtercurv froz; the capillary 
b-ore o; the tap. The tap is thea closed aad a Srhoiaader-Rcazztca syr- 
•aze-caaillary apparatus, previczsiy STed trith SO per ceat XaCI saiuticz. 
is izverted aad its rua pressed isray saudy agaiast the borrczt cf the Taa 


Sivhe ctz). It is izaeortsnt tirat the salt sohrtioz ia th 




quite free of sir bubbles. The a^rcury reservoir of the Taa Siyhe appara- 
tus is thea laissd so as to put the gas bubble at the top of the charrher uzder 
szdrt positive pressure. The Io~er tap is closed sad the upper tap is thea 
cautiously otoeaed so that the gas bubble eapaads through the bore cr tze 
taa. By suitably squeeriag the chaarber covra cato its lotver rubber ccz- 
aecuGa, 10 c.izzr. or so of the bubble caa be coaxed up iato the izverted cup 
o: tb® 5 vi£ii^~C£,r»nisrv. fr^Din Iz Is racily Triihdrs»7n into ths csr— — 

larv bv msniptilation c: the phmr^ c; the syrinne- If the bnbhie is 
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nwrk TOthout any gas in the chamber. The blood mixture is then 
ejected from the chamber, and the latter is filled three-fourths full with 
^ ^ ^ P®'” centNa^SjO^ in 4 per cent NaOH have been 

^ f) 50 cc. mark and the chamber shaken 

gen y while the analysis of the bubble is being completed in the syringe- 
capi^ ary. This takes 3 to 4 minutes, by which time the remnants of blood 
precipitates in the Van Slyke chamber are usually completely dissolved. 
Occasionally the chamber may be left overnight full of 45 per cent urea, 
wMch IS very effective in dissolving obstinate blood precipitates. 

e analysis of the bubble for CO is carried out according to the directions 
ot bcholander and Roughton (3). If h is the length of the bubble in capil- 
lar divisions before absorption with Winkler’s solution, and h is the length 
of the bubble after completion of the absorption, then 

100 X (h — It/li) — % CO in the bubble (1) 

100 X ll/ll = % Nj in the bubble (2) 

The CO content of the blood then equals 

(pu — Pa) X X ft volumes % (3) 

or 


(Pi.s - P».s) X 


/t- ft 


X /c.f volumes % 


(4) 


m ■«hich/j ,/|,.5 are the factors for the quantity of blood used at 2 cc. and 0.5 
cc.^^rks respectively. These are read off from the appropriate columns 
in Table 30 of Peters and Van Slyke (6). 

®ynnge is cleaned by rinsing first with 2 n HCl and then with water, 
he Van Slyke chamber is also rinsed several times tvith water after expul- 
^on of the alkaline cleaning fluid, and is then ready for the next analysis, 
e complete cleansing procedure, if applied in every determination, keeps 
e mercury and the chamber beautifully clean and adds, we believe, to the 
accuracy of the analyses. 

If pi 2 — P 22 jg greater than 20 mm. of Hg, the CO content of the blood is 
mken to be the mean of the values given by the readings at the 2.0 and the 
•5 cc. marks, whereas if pn — is less than 20 mm. of Hg and greater 
an 4 mm. of Hg, extra w'eight is given to the 0.5 cc. readings in the propor- 
^ hi 1 . If P 12 — pj, is less than 4 mm . , it is not worth taking readings 
^ ^ other hand the size of the residual bubble of 

^ -^2 is now so small (less than 10 c.mm.) that the whole of it can be 

quantitatively transferred to the sjTinge apparatus and measqred in the 
capillary. This gives an alternative duplicate analysis, which we believe 
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to be the most accurate method for blood containing very low amounts of 
CO; c.g., for 2 cc. samples of blank blood of non-smokers and laboratory 
animals or for 0.5 cc. samples containing less than 2 volumes per cent CO. 
The calculation of the CO content of the blood in this case is as follows. 

The volume of CO obtained in the capillary = (Zj — k) X the volume of 
each division of the capillary X f, where / is the factor for converting to 
0° and 760 mm. of Hg from the temperature of the water bath and the 
existing barometric pressure. / may be read off from Table 15, p. 129, of 
Peters and Van Slyke (6), 

= (h - /j) X 0.303 c.mm. X / 

If iS = the volume of blood sample used in cc., the CO content of the 
blood equals 


(It - /») X / X 0.0393/S volumes % (5) 

It is, of course, essential that the complete gas bubble be transferred 
quantitatively fpom the Van Slyke chamber to the syringe apparatus with- 
out any loss.“ The bubble must also be gotten into the capillary as 
smoothly and expeditiously as possible; othenvise some gas exchange with 
the air dissolved in the saturated NaCl solution may take place. 

It will be noted that the method contains no c correction, and therefore 

blank experiments ivith 2 cc. of water in place of blood h — h should be 
'0. In two such tests, by using freshly deaerated ferricyanide and NaOH, 
h — h was found to be 0.2 and 0.25 capillary divisions respectively, i.e. 0.075 
c.mm. of gas; this would cause an error in the CO content of only 0.015 
volume per cent with a 0.5 cc. blood sample, and correspondingly smaller 
errors with larger blood samples. By using ferricyanide and NaOH solu- 
tion, which had been deaerated some hours previously and had stood at 
rather a low level in their respective burettes, larger values of h — h were 
found; namely, 0.5 and 0.45 divisions. Undoubtedly the solutions had 
absorbed some air,.and since Winkler’s solution absorbs Os as well as CO, a 
perceptible increase mh — U. occurred. It is for this reason indeed that so 
much care must be exercised in preventing any admission of dissolved air 
into the chamber, once the evacuation with borate-hydrosulfite is finished; 
as an alternative the introduction of an oxygen absorbent in place of NaOH 
was considered, but this was found to cause more trouble than the exercise 
of the precaution mentioned above. 

From Equations 3 and 4 it follows that the residual Nj in thegas extracted 
in the Van Slyke chamber by the ferricyanide should exert a pressure at the 


> The observer should therefore be careful to select a properly constructed chamber 
with the upper part convei^ng to the bore of the top tap without any intervening 
shelf. The bore of the tap and the glass passages on either side must also be scrupu- 
lously free from grease and dirt. 
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2.0 cc. mark of (p^ — pn) X Zi / Zi. In properly conducted experiments with 
freshly deaerated solutions this pressure should lie mthin the range of 0.4 
to 0.8 mm.; it should be, in fact, equivalent to the c correction in Horvath 
and Roughton’s method. Whether it does, in fact, lie ■ivithin these limits 
pro'\ddes conversely a check as to the correct conduct of the analysis. 

Tests and Accuracy of the Method 

CO Contents Ranging from 0 to 2 Volumes Per Cent — ^Table I shows the 
results of a carefully conducted series of tests in which knomi mixtures of 
CO-saturated blood and blank blood, i.e. normal blood drawm directly from 
man or the dog, were analj'zed. The expected CO content is calculated 
from the measured CO contents of the saturated and the blank blood, and 
the proportion in which these were mixed. The latter was so accurately 


Table I 

Analysis of 0.05 Cc. Blood Samples with CO Contents of 0 to £ Volumes Per Cent; 
Comparison of Observed and Expected Values 


Observed CO content 

Expected CO content (±0.02) 

Discreputcy 

vcl. fer cent 

vel. per cent 

xoh per cent 

O.l? 

0.46 

+0.01 

0.79 

0.83 

-0.04 

O.SO 

0.80 

0.00 

0.82 

0.83 

-0.01 

0.S7 

0.86 

+0.01 

0.90 

0.87 

+0.03 

1.05 

1.03 

+0.02 

1.21 

1.19 

+0.02 

1.32 

1.34 

-0.02 

1.52 

1.51 

+0.01 


determined, either by pipetting or by weighing, that error arising from any 
uncertainty in it can be neglected; the measured CO contents of the satu- 
rated blood and the blank blood are, however, subject to possible errors of 
±0.05 and ±0.01 to ±0.02 volume per cent respectively. The calculation 
of the CO content of the mixtures of the two (proportions ranging from 1 to 
10 up to 1 to 40) has therefore an over-all uncertainty of ±0.015 to ±0.02 
volume per cent. 

All the tests in Table I were done with 0.5 cc. samples of the blood mix- 
tures since, as mentioned in the introduction, it was desired to see whether, 
with the present method, an accuracy comparable to that obtained in pre- 
vious methods with 2.0 to 5.0 cc. blood samples could be reached. In eight 
out of the ten tests given in Table I, the discrepancj’ between obseia’ed and 
expected CO contents was only 0.02 volume per cent or less; in the remain- 
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ing two the discrepancy was 0.03 and 0.04 volume per cent respectively. 
The average discrepancy was ±0.017 volume per cent, there being no appre- 
ciable sj^stematic effects. In view of the uncertainty of ±0.02 volume per 
cent in the expected CO contents it seems reasonable to conclude that the 
obseiA'cd CO contents are in general accurate to ±0.02 volume per cent 
vithin the range tested, t.c. 0.0 to 2.0 volumes per cent, or to within ±0.10 
c.mm., since 0.5 cc. blood samples were used. The latter figure corresponds 
to about 0.3 division on the syringe-capillarj*. 

Six tests were also done uith larger blood samples; z.c., 1.0 or 2.0 cc. The 
accuracy obtained was at least as good as, and possibly better than, that 
with the 0.5 cc. samples, but the results are not numerous enough to be sure 
on the latter point. 

In a second set of tests, given in Table II, known small volumes of CO- 
saturated blood were delivered into the cup of the Van Slyke apparatus and 
promptly washed into the chamber quantitatively with a few cc. of 1 per 


Table II 

Comparison of Obscrixd and Expected CO Contents of Blood-Saline Mixtures 


Observed volvmae of CO 

Esrpecled volume (i:0 05> ot CO 

DlscrepafiQ’ 

c.nm. 



2.32 

2.51 

0.19 

3.9S 

4.02 

0.04 

5.5t 

5.39 

0.15 

6.24 

6.33 

0.09 

6.57 

6.75 

O.IS 

S.I3 

8.04 

0.09 


cent NaCl solution. The CO content of the blood-saline mixture was then 
determined (in c.mm.) and compared with that to be expected from the 
volume of CO-saturated blood pipetted into the cup. For blood volumes 
of 0.2 cc. and over the usual Van Slyke pipettes were used; the smaller vol- 
umes of blood were carefully measured out from a Scholander micro pipette 
(8). The object of these tests was to eliminate the major imcertainty in the 
former set; t.c., that caused by the CO content of the blank blood. In this 
way it was possible to keep the uncertainty in the expected CO content as 
low as ±0.05 c.mm. as long as the total content was not greater than 10 
c.mm. The average discrepancy foemd in the lower range was ±0.12 
c.rom., and the maximum 0.19 c.mm.; allouing for an uncertainty of 0.05 
c mm.'in the expected value, this indicates an average absolute accuracy of 
0.05 to ±0.15 c.inm., which is on a par ulth that reached in the results 

check of the reUability of the teclmique for low CO contents was 
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obtained by comparing the results calculated from the readings at the 0.5 
cc. mark in the Van Slyke chamber with those calculated from the readings 
in the capillary of the Scholander-Roughton apparatus. In twenty-six 
recent analyses of 1 or 2 cc. samples of blank bloods (CO contents ranging 
from 0.05 to 0.30 volume per cent), the figures tallied to within ±0.01 
volume per cent on the average, the maximmn discrepancy (save in two 
dubious experiments) being ±0.02 volume per cent. Provided the bubble 
is completely transferred from the Van Slyke chamber to the capillary, as 
can usually be checked by eye, there is indeed no systematic discrepancy 
between the two methods, the differences being as often in one direction as 
in the other. 

Scholander and Roughton (3), using the syringe-capiUary technique 
alone, were able to obtain in the case of blood of low CO content an accuracy 
of about 0.03 to 0.05 volume per cent in the case of 0.12 cc. blood samples. 
With samples 4 times as large, tdz. 0.5 cc. as in the present paper, an accu- 
racy of 0.012 volume per cent should therefore be obtainable if the total 
amount of CO can be accommodated in the capillary of the syringe. This 
accuracy is almost but not quite reached in the present procedure in which 
the Van Slyke and syringe-capiUary techniques are combined; any falUng 
short is probably due to the number and complexity of the various steps in 
the method. To simplify the latter, we have it in mind to attach the usual 
capillary of the Scholander-Roughton apparatus to a 10 cc. instead of a 1 
cc. syringe. With this device and with sundry small changes in the tech- 
nique, it should be possible to apply the Scholander-Roughton principles to 
0.5 cc. blood samples, and thus it is hoped to attain the same or greater 
accuracy than in the technique of this paper, but with much more ease and 
speed and without the need of a Van Slyke apparatus at all. Owing to pre- 
occupation with other work we have not yet been able to put this project 
to practical test. 

CO Contents Ranging from 2.0 to 5.0 Volumes Per Cent — A smaller number 
of tests were carried out in this range. The results are gi\'en in Table III. 
With the 0.5 cc. samples of whole blood, E.xperiment A, the discrepancy 
between observed and expected values is less than might be e.xpected, for in 
none of the four eases does it exceed 0.03 volume per cent, or 0.15 c.mm. 
when expressed as total volume of CO liberated. In the blood-saline 
mixtures, Experiment B, the discrepanc 3 ’' is somewhat liigher, running up to 
0.30 c.mm. in the last example. The average discrepancj' for all seven 
results of Table III is ±0.16 c.mm., corresponding to ±0.03 volume per 
cent with 0.5 cc. blood samples. This is the same as that reported bj* Peters 
and Van Slyke ((6) p. 321) in a speciallj' accurate set of 0* content deter- 
minations, and corresponds to an allowable error of ±0.25 mm. of Hg in the 
reading of the pressure difference at the 0.5 cc. mark. This degree of 
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accuracy is adequate for all present practical purposes within this range of 
blood saturation, including of course the determinations of blood volume 
by the CO method. 

CO Capacilies {CO Contents of 16 to 24 Volumes Per Cent ) — In fifteen typi- 
cal pairs of determinations, with 1 cc. blood samples, the differences between 
duplicates were 0.01, 0.01, 0.02, 0.02, 0.02, 0.02, 0.03, 0.05, 0 05, 0.05, 0.05, 
0.07, 0.07, 0.08, and 0.11 volume per cent with an average of 0 04 volume 
per cent, indicating a somewhat better precision than that obtained by 
Horvath and Houghton (2), The last figure corresponds to a pressure 
difference of 0.16 mm. of Hg in the Van Slyke apparatus if readings are 
taken at the 2.0 cc. mark. With readings at the 0.5 cc. mark the total 

Table III 

Comparison of Obscried and Expected CO Contents 


Expeiimenl A 0 05 cc mixtures o! CO saturated blood and blank blood , range 2 to 5 volumes per cent 


Observed CO content 

Expected CO content (±0 02) 

Discrepancj 

m/ p<r c(nl 

Tct per eent 

tol per cent 

2 06 

2 05 

-fO 01 

3 13 

3 13 

0 00 

3 62 

3 65 

0 03 

5 33 

5 35 

0 02 


Expenmenl B Mixtures of CO saturated blood and saline, total CO >olume 10 to 25 c mm 


Observed volume of CO 

Expected volume of CO 

Discrepancy 

c mm 

c mm 

c mm 

17 70 

17 90 (±0 10) 

0 20 

24 80 

25 00 (±0 15) 

0 20 

25 30 

25 00 (±0 15) 

0 30 


pressure difference would run up as high as 400 mm. of Hg, but since the 
distance between the 0.5 cc. mark and the top of the chamber averages 40 
mm., an error of only 0.1 nun. in the setting of the liquid meniscus at the 
0.5 cc. mark during the first pressure reading would lead to an error of 1 m 
400 in the calculated CO content; i.e., of 0.05 volume per cent in blood of 
average CO capacity. Thus whuchever reading mark was used, the agree- 
ment between duplicates in the above set was as good as could be expected 
from the limitations of the human eye. 

DISCUSSION 

The mmn advantages of the combined Van Slyke-syringe technique de- 
scribed in tins paper have been seen to be that (o) in the low range of 
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saturation an accurac}^ of ±0.02 volume per cent is obtainable with much 
less blood than has hitherto been required to reach this standard; (b) in the 
upper range the accuracy is the maximum of which Van Slyke methods are 
capable, being limited only by the precision wth which the liquid levels 
could be set and read. Other sources of error must therefore have been 
reduced to minor significance. In the present technique this is probably 
due to (a) the special pains to keep the Van Slyke chamber clean, (6) the 
fact that the liquid in the chamber is the same at the two critical pressure 
readings, so that errors due to variations in the vapor pressure, surface ten- 
sion, etc., are automatically ruled out, (c) the lack of any c correction. 
Since c corrections can scarcely be read to better than 0.1 to 0.2 mm. of Hg, 
they do add appreciably to the uncertainty of the final figures when the Van 
Slyke methods are used under conditions of maximum accuracy with small 
amoxmts of gas. 

The same combined procedure can also be applied to determinations of 
Os content if the Os-Nj mixture, remaining in the chamber after the custom- 
aiy absorption of COs by soda, is transferred to the S 5 rringe-capillaiy and 
treated with alkaline hydrosulfite solution instead of Winkler’s solution. 
Such technique might be of service when accurate determination of low Oj 
contents in small blood samples is required. 

SUMUART 

A combination of Horvath and Houghton’s modified Van Slyke method 
with the syringe-capillary technique of Scholander and Houghton is de- 
scribed. With this procedure the CO content of 0.5 cc. blood samples can 
be determined to within 0.02 volume per cent over the range 0 to 2 volumes 
per cent, and to within 0.03 volume per cent over the range 2.0 to 5.0 vol- 
umes per cent. The method is thus specially applicable to blood volume 
determinations on small animals, and is also of value in the high range of CO 
saturation, wherein the maximum accuracy of the Van Slyke technique is 
readily obtained. 
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THE ESTIMATION OF SMALL AMOUNTS OF CARBON 
MONOXIDE IN AIR* 


Bt F. J. W. HOUGHTON and W. S. ROOT 

{From the Department of Physiology, College of Physicians and Surgeons, 
Columbia University, New York) 


(Receiv'ed for publication, May 26, 1945) 


Need has arisea lately for more precise methods of estimating CO in 
air, alike in the determination of blood volume, in the study of the fate 
of CO in the body, and in certain industrial and military problems related 
to CO. It has indeed become desirable to measure 0.005 to 1.0 volume 
per cent of CO in air to tvithin 1 to 2 per cent of the amount determined. 
The advantages of using blood as the “active reagent” have been pointed 
out by Sendroy (1). Two general types of method have so far been 
available. In the first of these, used extensively by Haldane (2), the 
CO-air mixture is shaken in a tonometer with a few cc. of diluted blood 
solution until equilibrium is reached, and the per cent COHb in the solu- 
tion is then determined colorimetrically or spectrometrically. The ratio 
of CO to O 2 in the gas mixture is then calculated from the equation 


% CO in gas 


% 0, in gas % COHb 
M ^ % 0,Hb 


( 1 ) 


The partition coefficient M is determined nath the aid of known CO-air 
mixtures; its value usually lies between 200 and 300. Allowance must 
also be made for the amount of CO absorbed from the gas phase by the 
blood solution in reaching equilibrium. 

Theoretically it might be possible, rvith the more precise gasometric 
methods now available for measuring the per cent COHb, to increase the 
accuracy of the Haldane method to the degree mentioned above. In 
so trying, we have, however, run into certain practical difficulties, the 
most serious of which is the lack of constancy of M for the blood after 
dravring. Thus, on tw’o occasions we found in the case of dog blood an 
increase of M of 50 per cent or more within 24 hours after withdrawal. 
The cause of such changes is obscure and is worthy of further study, for 
it may have a bearing on several problems in which CO has been used 
as a physiological reagent. 

In the second type of method, the 0; and CO; of the gas to be analyzed 
are first removed by shaking with alkaline hydrosulfite solution, and the 


* The work described in this paper was done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Devel- 
opment and Columbia Universitj'. 
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residual CO-Nj mixture is then shaken with reduced blood solution, 
resulting in the absorption of practically the whole of the CO. In Nicloux’s 
vereion of this method (3) the bound CO was estimated spectroscopically, 
but in subsequent modification it has been liberated by KjFeCNe and 
estimated gasometrically (4). In 1932 Sendroy (5) adapted this principle 
to the Van Slyke gasometric technique and described a method for deter- 
mining 0.05 to 0.8 volume per cent of CO in air to within ±5 per cent of 
the amount determined. In test analyses of known CO-air mixtures he 
found that only 93.7 per cent of the CO was finally recovered, so that a 
blank correction of 6.3 per cent had to be applied to all the determinations. 
In our application of the method to various physiological problems during 
the past 2 years we have been faced with (o) the need to improve the 
accuracy to within 1 to 2 per cent of the amount of CO determined, (6) 
the desirability of eliminating altogether the blank correction of 6.3 per 
cent, and (c) the extension to the lower range of 0.05 to 0.005 per cent CO 
in air (or less). All these aims have now' been reached, our work, in fact, 
having been almost complete w’hen the valuable paper of Sendroy and 
Fitzsimons (1) appeared. These authors here report improvements in 
Sendroy’s original technique, as regards both ease of operation and 
accuracy, which now reaches the grade desired ; namely, 1 to 2 per cent 
.jtil the amount of CO determined. The size of the blank correction is 
^rthermore reduced to one-third of its previous value, though the factors 
responsible for it have not yet been definitely established. The published 
method is, moreover, still limited to percentages of CO in air of 0.05 per 
cent and over, though the range below 0.05 per cent is now' becoming of 
practical importance. In this paper W'e, therefore, describe in detail 
the new method devised by us for the lower range below 0.05 per cent. 
We ha%'e also made independent modifications of Sendroj-’s earlier tech- 
nique (5) in the upper range and have thereby not only attained the extra 
precision and ease of operation recently reported by Sendroy and Fitz- 
simons, but have also been able to eliminate the blank correction. For 
the latter reason it has seemed w'orth while to give a somew'hat more 
brief account of our modifications of the Sendr 03 ' method and tests m 
the upper range. 

Experimental Methods and Results 

In order to measure percentages down to 0.005 to within 1 to 2 per 
cent of the amount of CO determined, the method must be sensitive to 
as little as 0.0001 per cent CO. Since the volume of CO, after isolation 
in the Van Slyke-Neill and Scholander-Roughton apparatus, can be 
measured to within about ±0.10 cmm. with certainty, it is necessaiy that 

the volume of the gas mixture used for analysis should be not less tna 
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150 cc. Actually tonometers of 300 to 350 cc. capacity have been used, 
so as to provide a margin of safety; they are of the Barcroft t 3 T)e but 
have 3-way stop-cocks at both ends instead of at only one end. 

Reagents — As for the estimation of CO in blood (see the accorapanjdng 
paper (6)) together with 

(а) Fresh hiunan blood. 

(б) Borated blood solution made by mixing together 2 drops of capiylic 
alcohol, 1 part of the fresh human blood, 1 part of water, 1 part of 3 per 
cent borax (Na2B4O7'10HiO) solution, and 2 parts of 1 per cent saponin 
solution. This is stored out of contact with air in a syringe. The fimction 
of the borate is partly to provide an alkaline pH and consequently a 
greater affinity for CO, and partly to stabilize the hemoglobin against 
inactivation and bacterial decomposition during the prolonged rotation 
of the tonometer. 

(c) Krogh’s hydrosulfite (modified Fieser) solution. 16 gm. of Na 2 S 204 , 

2 gm. of sodium anthraquinone-/3-sulfonate, and 14 gm. of KOH are 
dissolved in 100 gm. of water. This is freshly prepared each day, anoma- 
lous results having been sometimes obtained with old solutions. 

Procedure — The tonometer is filled with 30 per cent NaCl solution, and 
the latter then displaced with the CO-air mixture to be analyzed, the 
pressure being finally brought up to Ij atmospheres with the aid of a 
gas burette and mercury reservoir. The temperature of the gas in the 
tonometer is fixed by immersing it in a water bath at room temperature 
for a few minutes, and the gas pressme is then measured by a mercurj' 
manometer. 50 cc. of Ki-ogh’s solution are next forced from a syringe 
into the tonometer and the latter shaken rapidly by hand for 5 minutes 
to complete the absorption of the O- and C02. 5 to 10 minutes later 
Ivrogh’s solution is carefully run off, the pressure of the gas in the tonom- 
eter thereby becoming about equal to atmospheric; residual traces of 
Krogh’s solution are removed by three successive washings mth 5 cc. 
portions of distilled water. Exactly 5 cc. of the borated blood solution 
are then forced into the tonometer, and the latter rotated in the dark for 
IJ to 2 hours in a water bath at room temperature to insure complete 
equilibration between the gas and liquid phases. 

The residual CO in the gas phase, even at perfect equilibrium, is allowed 
for by means of the COHb dissociation curve (see below). At the end 
of the rotation the tonometer is stood vertically for 2 minutes to allow 
the blood solution to drain, and the latter is then run off into the cup of 
the Van Slyke-Neill apparatus and thence into the chamber. The con- 
tents of the tonometer are rinsed into the cup with 2 or 3 portions (about 

3 cc. each) of distilled water to remove the blood solution quantitatively 
nnd the whole of the washings run into the ^’an Slyke-Xeill chamber, 
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the volume of each washing having been read in the cup. 2 drops of 
caprylic alcohol and 1 cc. of borate-hydrosulfite solution are added thereto, 
and the analj’^sis of the mixed solution for CO carried on exactly as described 
in the accompanying paper, save that (a) the amount of ferricyanide 
used is increased from 1.0 to 1.5 cc. and of soda for COj absorption from 
1.5 to 2.0 cc., and (5) the blood-ferricyanide solution is shaken for 10, 
not 3 minutes. The blank CO content of 5 cc. of the borated blood 
solution has been previously determined during the tonometer rotation. 
The percentage of CO in the air sample is calculated as in the folloning 
example: the volume of the tonometer = 305 cc.; the barometer = 749.5 
mm. of Hg; the temperature of the water bath in which the tonometer 
was immersed = 19°; aqueous vapor pressure over 30 per cent NaCl = 
16 mm. of Hg at 19°; the tonometer filled with gas mixture to positive 
pressure of 194 mm. of Hg; volume of the gas sample at 0° and 760 mm. 
of Hg equals 


305 V 749.5 -h 194 - 16 273 

^ 780 ^ 273 -t-lO 


34S cc. N. T. P. 


The total CO content of blood solution and waslungs = 0.0383 cc. N. 
T. P. ; the blank CO content of 5 cc. of blood solution used for equilibration 
= 0.0023 cc. N. T. P.; CO taken up by blood solution = 0.0383 — 0.0023 = 
0.0360 cc. N. T. P.; per cent CO in the gas mixture less CO unabsorbed 
at equilibrium equals 


100 X 


0.0360 

348 


= 0.0103% 


Jtcr cent COHb in blood solution at equilibrium in the tonometer = 19; 
the temperature of equilibration = 22°. 

The residual per cent CO in the gas phase of the tonometer in equilibri^ 
\tith 19 per cent COHb at 22° = 0.0004 (as read off from the COHb 
dissociation Cun'e A of Fig. 2 (see below)). Per cent CO in the original 
gas mixture = 0.0103 + 0.0004 = 0.0107 per cent. 

Notes — ^The total GO content of the blood solution and washings m 
uc. N. T. P. is calculated from the expression 


h — U U f Sa \( . 3.5a \ 

(p.» - P«) X ^ I5o ^ 50 - s)v 50 - 3.5] 


( 2 ) 


or 


I \ y b ~ h V ^ 

(pi .5 — P5.5) X ; X 




(3) 


li "100 

"wiiGrti y'*i — - — - « w ^ , 

before and after extrusion of the extracted CO from the cham er, 1 . > 


where pu, P2: are the respective Van Slyke readings at the 2.0 cm mark 
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P2.6 are the similar readings at the 0.5 cc. mark; h, I 2 are the respective 
lengths of the gas samples in the capillary before and after absorption 
with Winkler’s solution, is the factor in volumes per cent of CO for the 
blood sample = 1 cc., and S (i.e. total solution extracted in Van Slyke 
chamber) = 3.5 cc., for measmements at the 2.0 cc. mark. The values 
of /o are given in the eleventh column of Table 30 of Peters and Van Slyke 
(7). /„.5 is the similar factor for measurements at the 0.5 cc. mark, as 
given in the tenth column of Table 30 (7), S is the total volume of solution 
extracted in the Van Slyke chamber, i.e. 13 cc. in the present instance, 
and a is the solubility coefficient of CO in aqueous solution at the tempera- 
ture of the measurement. 

It is essential that all contamination of the gas with extraneous oxygen 
(atmospheric or otherwise) should be avoided, especially after the absorp- 
tion of O 2 -f COj by Krogh’s solution is complete. To this end, the 
procedure was so arranged that the gas pressure in the tonometer should 
be equal to or greater than the outside atmospheric pressme at every stage, 
thus minimizing the chance of leaks even if the tonometer taps are per- 
fectly greased, as they must be. A check on the freedom of the gas from 
O2, after absorption with ICrogh’s solution, is given by the behavior of 
the blood solution after it is introduced into the tonometer. After 2 
minutes or so of shaking by hand the color of the blood solution should 
have changed from scarlet to the purple hue of reduced hemoglobin if 
the O2 has been adequately removed. (This test will, of course, be inde- 
cisive if Krogh’s solution is not completely washed out before the addition 
of the blood solution.) Actually, with the volumes of the gas phase and 
blood solution used, the O2 of the latter does not quite dissociate com- 
pletely even at equilibrium, but the amount remaining behind is unim- 
portant. 

The 5 cc. of blood solution used above are sufficient if the per cent CO 
is not above 0.03. Between 0.03 and 0.05 per cent CO, the volume should 
be increased to 10 cc. to insure an adequate margin of the CO-combining 
capacity of the blood over the CO content of the air sample. With verj"- 
low CO percentages, the blank CO content of the blood solution should 
be as slight as possible and the blood should therefore be drawn from a 
non-smoker, if available. 

The period of rotation of the tonometer, viz. I5 to 2 hours, might perhaps 
be shortened, but this has not been tested, since a time of this order is 
Usually consumed in the daily preparation of the Van Slyke apparatus 
and reagents, and in duplicate determinations of the blank CO content 
of the blood solutions. ActuaUy the preparation of each indi'vidual 
tonometer before rotation and its subsequent analysis usually take about 
1 hour, so that the average time for each gas anal3’sis of a series of x samples 
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in 1 daj’ is (60 + 120) /x minutes. Our present rotator accommodates 
four tonometers, so that the average time of each analysis is about 90 
minutes. 

Fig. 1, Curve A, shows the O. dissociation curv'e of the borated human 
blood solution at 25°. The curve was readily determined by a modifica- 
tion of the method of Forbes and Roughton (8); 1 to 5 cc. of aerated blood 
solution (0- content known b}' previous Van Slyke determination) were 
introduced into the Ihoroughly cleaned Van Slyke-Neill chamber, evacuated 
to the 50 cc. mark, and shaken for 15 minutes, bj' which time equilibrium 
between the gas and liquid phases was reached. The top of the chamber 
was then connected with a 300 cc. vacuous tonometer, and mercury slowly 
readmitted to the chamber by opening slightly the lower tap. The blood 



Fig. 1 Fig. 2 

Fig. 1. Oxygen dissociation curve of 1:5 blood solution at 25 °. Curve A, borate* 
saponin solution; Curve B, water-saponin solution. 

Fig. 2. Carbon monoxide dissociation curve of 1:5 blood solution at 25”. Curve 
A, borate-saponin solution; Curve B, water-saponin solution. 

solution was thus driven up to the top tap of the chamber, and the extracted 
gas expelled, without any danger of reoxygenation of the partially 
hemoglobin. The residual O 2 content of the latter was then determined 
by the addition of 0.5 cc. of deaerated 30 per cent ferricyanide solution 
follow'ed by the usual absorptions with alkali and hydrosul&te. Fro*” 
the residual Oj content, and the initial Oj content and volume of the blood 
solution, the O 2 content and pressure of the gas phase in the Van Sly^ 
Neill chamber at the end of the 15 minutes shaking are readily cmculat^ 
(see (8)), and the per cent OjHb is of course obtained by divnding t 
residual O 2 content by the O 2 capacity. 
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Fig. 2, Cun'e A, the COHb dissociation curve of the borated blood 
solution in the absence of 0:, is obtained from Fig. 1, Curve A, by means 
of the principle of Douglas, Haldane, and Haldane (9). This consists 
of dividing all the O 2 pressures of Fig. 1, Curve A, by M (the equilibrium 
constant of the reaction). 

CO + OjHb ^=^02 + COHb (see Equation 1). The ehart so obtained 
gives the relation between the per cent COHb and CO pressure at equili- 
brium. The validity of this principle was established experimentally 
by Douglas and Haldane, and has recently been confirmed in a more 
systematic manner by Darling and Roughton (10). The value of M 
acti ally used, namely 300 at 25°, was obtained by separate experiments. 

Curve B in Fig. 1 is the average, at 25°, for several workers who furnished 
blood from time to time for the CO analyses. Appreciable variations 
from the mean were noted in certain individuals but these did not exceed 
1 in 10, which would have an insignificant effect on the calculation of 
the unabsorbed CO, since the latter as a rule did not exceed 4 per cent of 
the total CO. At 20° the CO pressures of Curve B, Fig. 1, need to be 
multiplied by a factor of 0.6 and at 30° by 1.5. At intermediate tem- 
peratures the required factor can be arrived at accurately enough by 
numerical interpolation. 

Tests and Accuracy of the Method — ^Table I shows the results of a series 
of tests in which the per cent CO was determined in CO-air mixtures 
prepared in two different ways. In Method A the tonometers were first 
filled to a pressure of Ij atmospheres Tvith air containing less than 0.0001 
per cent CO. The pressure, temperature, and volume of the tonometers 
haTing been measured, their dry air contents in cc. at 0° and 760 mm. of 
Hg were readily calculated. Known volumes of CO of analyzed purity 
Were then measured in the chamber of the Van Slyke manometric apparatus 
(at the 2.0 and 0.5 cc. marks) and forced from there into the tonometers. 
For the CO percentages above 0.01, carbon monoxide gas prepared from 
formic and sulfuric acids was used, the CO 2 and O 2 having been removed 
hy previous shaking with Krogh’s solution. For the lower CO percentages, 
the chemically prepared carbon monoxide was first diluted to a known 
extent with air before measurement in, and transfer from, the ^ an Slyke 
apparatus. 

In Method B the tonometers were filled with CO-free air as before, but 
the measured amounts of CO were then introduced, not in the form of 
gas but in solution in water. The CO solution was prepared as follows: 
A 300 cc. tonometer was filled half with water and half with CO gas, and 
then shaken for some minutes until equilibrium between gas and liquid 
Was reached. The CO gas was then expelled bj' connecting the tonom- 
eter at its lower end with a mercurj' reserrmir. The top end of the tonom- 
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eter was connected to a calibrated burette, graduated in hundredths 
of a cc., with a mercuiy leveling bulb also attached, all air bubbles having 
been carefully flushed out from the joints by running through excess of 
the solution. The whole system was kept under positive pressure to pre- 
vent formation of small gas bubbles, and the CO content of the solution 
thus remained constant for long periods. Its value, in volumes per cent 
CO to within 1 in 200 of the amount present, w’as determined by trans- 
feriing 5 cc. portions anaerobically to the Van Slyke manometric apparatus 
and then liberating and measuring the CO by a simple modification of 


Table I 


Comparison of Obsencd and Expected Percentages of Carbon Monoxide in iltr Mixtures 
over Range 0 001 to 0.05 Per Cent CO 



Observed CO 

Expected CO 

Recover> 


Per etnl 

per cent 

per cent 

Method A, mixture 

0 0013 

0 0013 


prepared from 

0 0042 

0 0043 


CO gas 


0 0093 

98.0 


0 0)35 

0 0136 

99,3 


0 0213 

0 0214 

99.5 


0 0253 

0 0256 

98.8 


0 0295 

0 0301 

98 0 

Mean 

98 7 

Method B, mixture 

0 0012 

0 0011 


prepared from 

0 0022 

0 0022 


CO solution 

0 0036 

0 0035 



0 0058 

0 0058 



0 0119 

0 0117 

101 6 


0 0120 

0 0119j 

100 4 


0 0179 

0 0175 

102 3 


0 0278 

0 0274 

101 4 


0 0418 

0 0425 

98 4 

Mean 

100 8 


our procedure for estimating the CO content of blood (6). Measure 
volumes of the CO solution were similarly transferred anaerobically ho® 
the burette to the tonometers, which were then shaken for 2 to 3 nunu s 
so as to liberate the w'hole of the CO into their gas phases. With a tonom- 
eter containing 300 cc. of air (N. T. P.) and 1 cc. of CO f ("“S 
say, 2 0 volumes per cent), the expected per cent CO ivould thus be u / 

or 0 0067 per cent CO. 
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We believe that the uncertainty in the CO content of the air mixtures 
was only 1 part (or less) in 100 of the amount present, whichever method 
was used, but we are inclined to place greater reliance on the results 
obtained with the CO solution technique, since this was easier to run, 
once the stock of CO-water had been prepared and its content estimated. 

The outside air of New York sometimes contains a few parts per million 
of CO,* so that this was used only as the source of CO-free air when analysis 
by the present method indicated a CO percentage of 0.0001 or less (i.e., 
no CO within the limits of experimental error). 

Inspection of the figures given in Table I shows that in the very low 
range {i.e. below 0.009 per cent CO) the observed and expected results 
agree to within 0.0001 per cent CO, which is about the limit of sensitivity 
of the method. Above 0.009 per cent CO, the percentage recoveiy is 
seen to range from 98 to 102.3, the average value for mixtures by Method 
A being 98.7 per cent and by Method B, 100.8 per cent. In view of the 
possible uncertainty of ±1 part in 100 in the expected CO figures, it seems 
that these results indicate practically complete recovery \vithin experi- 
mental error. 

The method was further checked by means of two CO-air mixtures 
kindly furnished to us by Dr. Martin Shepherd of the Department of 
Gas Chemistry, Bureau of Standards. With the first mixture we obtained 
the figures 0.0107, 0.0108, 0.0109, 0.0109, mean 0.0108 ± 0.0001 per cent 
CO. The expected figure, based on the method of mixtures by which the 
sample was prepared, was also 0.0108 ± 0.0001, but was not made known 
to us until after we had completed our analj’^ses. With the second mixture 
our figures were 0.0393, 0.0395, 0.0389, mean 0.0392 ± 0.0004 per cent, 
as against an average figure of 0.0393 per cent CO obtained by analyses 
of the same mixture in other laboratories bj*^ methods not involving the 
use of blood as the active reagent. 

Upper Range of 0.04 fa 0.7 Per Cent CO in Air 

Procedure — ^A modified Herapel pipette ((7) Fig. 11, P- 109) is filled 
with Krogh’s hydrosulfite solution, the cup, the bore of the 3-way tap, 
and the side tube being filled wth water. The side tube is then connected 
by rubber tubing with the gas to be analj'^zed, and sufficient of the latter 
passed through the side tube, tap, and cup of the Hempel pipette to flush 
out all traces of air. The 3-way tap is then turned to connect the gas 
"ith Krogh’s solution, and the Hempel bulb filled with the gas, suction 
if necessary being applied to the other bulb of the pipette. The tap is 
then sealed with mercury and the O; and CO; of the gas absorbed bj 

' The amount varies with the weather, traffic, and industrial conditions. 
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gently shaking the Hempel pipette for 5 minutes and then allowing it to 
stand for 5 to 10 minutes more. 

During this time the Van Slyke-Neill chamber is prepared in the fol- 
lowing way. It is thoroughly cleaned after the previous analysis; then 
5 cc. of water are evacuated and shaken in the chamber for If minutes, 
after which the mercury reservoir is lowered so as to draw the evacuated 
water well down into the rubber connection between the chamber and 
the rest of the Van Slyke apparatus, in this way disengaging bubbles 
frequently trapped there. The evacuated water and extracted air are 
then completely expelled, and 4 drops of caprylic alcohol, followed by 1 
or 2 cc." of fresh human blood (preferably from a non-smoker), 2 cc. of 1 
per cent saponin, and enough water to make a total volume of 5 cc. are 
drawn into the chamber. The tap is sealed, the raercuiy lowered to the 
50 cc. mark, and the chamber covered with tin-foil or black paper to pre- 
vent dissociation by light of any COHb present in the blood during the 
4 minute shaking which follows. The extracted gases are quantitatively 
expelled without loss of blood solution, the tap resealed, and the reading 
of the manometer taken with the mercurj’- solution meniscus at the 50 cc. 
mark (pi, temperature b°). The contents of the chamber are then adjusted 
to atmospheric pressure (or just below) by admitting mercuiy from the 
reservoir and 10 to 40 cc. of gas admitted to the chamber from the Hempel 
pipette, according to the procedure illustrated in Fig. 11 of Peters and 
Van Slyke’s text-book (7). The volume of gas chosen depends on the 
approximate percentage of CO in the gas mixture, a smaller volume being 
taken if the percentage is high. The tap of the Van Slyke chamber is 
sealed, the mercuiy-liquid meniscus is again set at the 50 cc. mark, and 
the manometer read = p-. 

The volume of gas drawn into the chamber then = V = 


45 X 


273 

273 + I 


X 


Vz - Vi 
760 


CO. N. T. P. 


(4) 


The figure 45 represents the difference betw-een the volume of the chamber 
(50 cc.) and the volume of the blood solution (5 cc.). 

If the air to be analyzed originally contained x per cent O 2 and y P® 
cent CO 2 , its volume, after absorption in the Hempel pipette, wiU 
reduced in the ratio 100 — (a: +y) to 100. . . 

In the case of ordinary air a: -b p = 20.96 or 21, so that the ongm 
volume of air used for analysis = V/0.79 = 1.26F cc. N. T. P. 

In other cases an exactly measured volume of the gas to be anaiy 
(not more than 40 cc.) must be forced into the Hempel pipette at 

1 2 cc. are used if the per cent CO in the gas is greater than 0.23. 
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outset, and the whole residue of the gas after deoxygenation is transferred 
from the Hempel pipette to the Van Slyke-Neill chamber. The original 
volume of gas sample is reduced to N. T. P. in the usual way. 

After the measurement of gas into the chamber is completed, the latter 
is covered with dark paper and gently shaken (with the mercury at the 
50 cc. mark) for 30 minutes (as in Sendroy’s technique), at the end of 
which the equihbrium between the hemoglobin and the gas phase is com- 
plete (assuming that the room temperature is not less than 20°). The 
gas is then quantitatively expelled from the chamber \vithout any loss of 
blood solution, and 2 cc. of the usual NaiSjOi-borate solution drawn in 
from the cup. From this point onwards the remainder of the procedure 
IS the same as that described in our accompanying paper on estimation 
of blood GO content. The per cent CO in the gas mixture is then calculated 
in just the same way as in the example given in the procedure for the 
loner range of CO percentages, allowance again being made, with the aid 
of the dissociation Curve B of Figs. 1 and 2, for the CO still remaining in 
the gas phase even at equilibrium. The effect of this last factor is, however, 
much less important than in the lower range, for the correction due to it 
amounts only to 1 part in 50 even at the bottom of the present range, 
where the effect is most marked. Sendroy and Fitzsimons used 5 times 
^ much blood as we customarily do, so that in their case this factor would 
be nearly 5 times less important than in ours. Only, indeed, in the most 
dilute CO mixtures analyzed by them would we expect it to be responsible 
for any appreciable part of their failure to obtain complete recoveiy'. 

^ Tests and Accuracy of the Method — ^Accurately measured volumes of 
air and of CO, of analyzed purity, were forced into the Hempel pipette, 
mixed there, and deoxygenated, and aliquot samples then returned to 
the Van Slyke-Neill chamber for analysis as described above. Table II 
summarizes the results of our sixteen most recent tests with the technique 
at its best. 


The expected percentage, as calcidated from the volumes of air and CO 
imxed together, is subject to a possible error of ±1 per cent of the figures 
given in this column. 

It iiill be seen that the per cent recovery ranges from 97.5 to 101.5; 
t.e., over a span of four, and that all but four of the per cent recoveries 
fall within the range 98.5 to 100.0. The average per cent recoverj’ in 
Table H, viz. 99.5, may well be considered, within experimental error, 
fo be complete. In view of the 1 per cent uncertainty in the expected 
figures We feel justified in concluding that the experimental error of the 
method is proved to be no more than 1 to 1.5 per cent of the amount of 
Co determined, over the range 0.03 to 1.00 per cent CO in air. The 
final limit of sensitmty of the method we beUeve to be about 0.0005 per 
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cent. The figure is based on the volume of gas sample used (30 to 40 cc.) 
and the minimum amount of CO (rir. 0.10 to 0.15 c.mm.) measurable vath 
certainty by the combined Van Slykc-s 3 Tinge technique. 

A further check of the method was provided by eight measurements on 
the 0.0393 per cent CO in air mbcture supplied by the Bureau of Standards 
(see above). The figures obtained by us were 0.0405, 0.0392, 0.0395, 
0,0392, 0.0385, 0.0395, 0.0394, 0.0386, mean = 0.0393 per cent CO. Aside 
from the 0.0405 reading, which is somewhat off line, all the other figures 
lie within the range 0.0391 ± 0.0005 per cent. Such agreement ivith the 
expected figure is additional eiudence of the completeness of recoveiy. 

TAonE II 


Comparison of Observed and Expected Percentages of Carbon Monoxide in Air Mixtures 
over Range O.OS to 1.00 Per Cent CO 


Obsened per cent 

Expected per cent 

Per cent recovery 

0.G783 

0.674 

100.5 

0.6597 

0.674 

98.0 

0.065S 

0.674 

98.8 

0.4596 

0.452 

101.5 

0 4536 

0.452 

100.3 

0.4576 

0.452 

101.2 

0.4525 

0.452 

100.1 

0.3451 

0.346 

99 7 

0.3412 

0.340 

98.5 

0.2876 

0.286 

100.5 

0.1296 

0.133 

97.5 

0.0736 

0 0742 

! 99.2 

0 0703 

0 0712 

99 4 

0.0GS9 

0 0697 

98.9 

0.0649 

0 0657 

98.8 

0.0-172 

0.0474 

99.6 

Average.. 

99.5 


DISCUSSION 

The method for the lower range of CO percentages (below 0.03} w 
admittedly a laborious one and requires meticulous attention ^ 
at every stage. No single one of the numerous operations involved shou , 
however, present difficulty to a person wmll trained in the standard met o s 
of blood gas analysis. As there are many such workers in different la ora- 
tories, the technique might therefore be of fairly vide use, 
precise studies such as those relating to the mode of CO j 

the human body (to be published later), but also as a ® cq 

for testing less accurate but more expeditious methods of estimaw & 

in air. 
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Our modified method for the upper range (0.03 to 1.0 per cent CO in 
air) differs from that of Sendroy in several particulars, of which the most 
noticeable are (a) the removal of O 2 and CO 2 from the gas mixture before 
introduction into the Van Slyke apparatus (the reason for this is mainly 
one of convenience) ; (b) the absorption of the CO by fresh saponin-laked 
human blood solution (1:5 instead of 1:2); (c) the quantitative correction, 
by means of the dissociation curve, for the residual CO in the gas phase 
at equilibrium; (d) the greater accuracy of analysis of the isolated CO, 
noth the aid of the Scholander-Roughton technique. One or more of 
these changes, with the exception of (c), is presumably responsible for 
our recoveries being practically 100 per cent instead of 98 per cent com- 
plete, as in Sendroy’s recent method. Though we have not analyzed the 
matter in detail, we are incUned to believe that factor (&) is probably the 
^ most important. The presence of the saponin and the greater dilution 
of the blood (1:5, as compared with 1:2 in Sendroy’s method) insure 
the absence of clumps of stromata, which might entangle hemoglobin and 
protect it from the subsequent action of the ferricyanide. The saponin 
may also protect the hemoglobin from inactivation at the mercuiy-solution 
or gas-solution interfaces during the shaking. The borate, in the lower 
range method, almost certainly exerts a stabilizing influence and would 
have been used also in the upper range method, had this been thought of 
in time. 

Sendroy leaves it open as to whether the great improvement in his 
early recovery figures of 93.7 (5) to 98 per cent (1) with more dilute laked 
blood is due to the greater speed of combination with CO or to the greater 
affimty for CO. According to Hill and Wolverkamp (11) the affinity of 
hemoglobin in the red cell for O 2 or CO is less than when it is in solution, 
but even so the residual pressure of CO in the gas phase at equilibrium 
should have been less than 1 per cent of the original CO pressure under 
the conditions of Sendroy’s experiments (5). On the other hand, hemo- 
globin solutions when shaken with gas do undoubtedly take up^ CO far 
more rapidly than do red cell suspensions, owing to the far more intimate 
contact, in the former case, between the hemoglobin molecules and CO 
molecules at the gas-hquid interface. Other detailed examples of this 
principle are given by Roughton (12) in his paper on the influence of 
diffusion in manometric measurements of certain rapid biochemical re- 
actions; it is on this account, indeed, that we have from the outset made 
use of hemoglobin solutions rather than of whole blood for our CO absorp- 
tion work. 

Our measurements have so far been limited to carbon monoxide in 
normal inspired and expired air. The reader is referred to the paper of 
Sendroy and Fitzsimons (1) for the special precautions necessary in dealing 
"ith industrial gases containing large amounts of hydrocarbons. 



SOMMABT 


Sendroy’s methods of analyzing small amounts of CO in air, with blood 
as the active reagent, have been modified and avtended. TVith gas samples 
of 400 to 500 cc., combination of the Van Slyke and Scholander-Eoughton 
techniques makes it possible to analyze CO percentages in the range 0.03 
to 0.005 to within 1 to 1.5 per cent of the amount present. The maximum 
sensitivity of the method is about ±0.0001 per cent CO. In the higher 
range (0.03 to 1.0 per cent) only 40 to 50 cc. gas samples are required; 
the accuracy is again 1 to 1.5 per cent of the amount present, but the 
maximum sensiti\'ity is about ±0.0005 per cent CO. In both ranges the 
recoveries obtained %vith test mixtures were 99 to 100 per centjf.e., complete 
within the limits of e.xperimental error. 

Our thanks are due to Dr. Julius Sendroy, Jr., for various critical 
suggestions. 
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PECTIC ENZYMES 


VI. THE USB OF AN ION EXCHANGE RESIN FOR THE COMPLETE 
REMOVAL OF PECTIN-METHYLESTERASE FROM 
COMMERCIAL PECTINASES* 

(From the Department of Chemistry, New York State Agricultural 
Experiment Station, Geneva) 

Br R. J. McCOLLOCH and Z. I. KERTESZ 
(Received for publicatioD, March 26, 1945) 

Two enzymes which act on soluble pectic substances are recognized at 
the present time; namely, pectin-polygalacturonase (PG), which catalyzes 
the hydrolysis of the 1-4 glycosidic linkages of polygalacturonic acids, 
and pectin-methylesterase (PM), which catalyzes the hydrolysis of the 
methyl ester groups. The latter enz 3 mie, PM, occuis in nature practically 
free of PG (9) and has been employed for the deesterification of pectinic 
acids (5). On the other hand PG appears alwa 3 's to be accompanied bj" 
PM (7). Consequentl}'-, all reports dealing with the enzymatic decom- 
position of the polygalacturonic acid components of pectinic acids are 
concerned with cases in which this reaction was accompanied by 
demethylation. 

For some time we have been desirous of obtaining some PG entireli' 
free of PM activity. In 1938 a study of the separation of these two 
enzymes was undertaken in this laboratory* without reaching the goal 
of complete separation. During this work, it was observed that PM 
shows considerable sensitivity towards acidities below pH 3, while PG 
withstood prolonged exposure to such conditions. Table I shows the 
results of a typical experiment. This difference in behavior was further 
accentuated when the solutions were heated at low pH values. Partial 
destruction of PM (90 per cent) was accomplished by such methods, 
but no PG entirely free of PM was obtained. Rothschild (10) in 1939 
reported some work done on similar lines, but used methods of determining 
activities which had been previously shorvn by Kertesz (8) to be unreliable. 
The development of ion exchange resins and their increased application 
in biological work, especially for the separation and determination of 
amino acids (1, 2), suggested their emplojunent for the separation of 
PM and PG. The different behavior of these two enzjmes towards 
acids, and the fact that they have different pH optima, made it likelj" 
that they would behave differently on ion exchange columns. 

* Approved by the Director of the New York State Agricultural Experiment Sta- 
tion for publication as Journal Paper No. 621. 

' Moyer, J. C., and Kertesz, Z. I., unpublished results. 
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The present report deals ivith the removal of PM from two commercial 
pectinases by the use of ion exchange resins. Since we believe that this 
method will prove applicable to the separation of some other enzymes, 
the difficulties encountered during this work are also discussed below. 


EXPERIMENTAL 

Two commercial enzyme preparations, designated as Pectinase I 
(Pectinase 8)" and Pectinase II (Pcctinol 46AP), were used in this work 
without any further purification. Most of the experiments were conducted 
with Amberlite IR-100 operating in acid cycle in a closed system col- 
umn 105 cm. long, 2.5 cm. in diameter, and holding 340 gm. of resin at 
close packing. The column w'as fitted with a 2-hole rubber stopper at 
the top, through which connections were made to a vacuum pump and 
to a funnel which was clamped beside the column near the top. After 


Table I 

Effect of pH during Holding for S Hours alS5° on Aclirily of PcUin-mclhyhsterase (PM) 
and Pectin-polygalacturonase (PG) in Commercial Pectinase 


pH 

Activity retained 

PG 

m 


cent 

Per cent 

3.0 

100 

92 

2.4 

100 

78 

2.0 

100 

53 

1.6 

90 

49 

1.0 

40 

12 


the resin had been initially packed by backw'ashing, it was prepared for 
each experiment in the following manner: The resin was washed with 
about 1 liter of distilled water by the dowmAow at 4 to 6 cc. per minute, 
then by 35 per cent HCl at the same rate, followed by another water 
wash until no C1+ could be detected in the effluent. At this point the 
addition of water to the column was stopped and the liquid left in the 
column drained out until the top 3 cm. of resin were free of w'ater. The 
enzyme solution to be treated (about 200 cc.) was placed in the funnel 
and introduced by vacuum through the top of the column with enough 
force to penetrate the drained layer of resin, and the column filled to 15 
cm. above the resin layer. The vacuum line was closed and the downflow 
was then begun by opening the stop-cock at the bottom of the column. 


5 We are indebted to the- Rohm and Haas Company, of Philadelphia, ' 

(or these enzyme preparations, and to the Resinous Products and Chemical Comp y . 
of Philadelphia, Pennsylvania, for various samples of ion exchange resins. 
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The rate was regulated to 4 to 6 cc. per minute. The flow of 
enzyme solution from the funnel to the column was ™ 

vacuum created in the column by the outflow. The enzyme solutions as 
followed by water introduced in the same manner 

PM was determined by the titration method (8) at pH 6.2 The rapid 
approximate method of Fellers and Rice (4) for t e es ima 
Jd ™s sdaptei to to estimation of PG .etivity m Preference to tte 
more accurate but time-consuming calcium pectate metho j 
reaction mixture contained 10 cc. of approximate y per „„ j-yme 
acid solution, 0.1 cc. of 10 per cent gelatin and amounts of the enzyme 

solution varying from 0.5 to 2.0 cc. The pH was a jus otect the 

volume made up to 12 cc. with water. Gelatin was used to « 

PG, especially at low concentrations. The changes 
the pectic acid content of this mixture at 30.0“ were foUowed^ Under 
these conditions, the log of the volume of P^f « Pf 
against reaction time gave a straight line, until at least 60 P^ oj 
pLipitate had disappeared. The time f f^nS^J^aSue 

enzyme to reduce the volume of the precpi e o exnressed by 

was graphicaUy interpolated and the relative PG actuity expresse 

the following arbitrary formula 

100 

PG units = (ijJCgin. pectina^ 

The buBemd pH values were cbtehred by 

ate or sodium dibydrogen pbo^bate and raiou^ othenvise stated, 

the dwnred value with dUute “ ®”„ed tiuquote taken from 

the data on treated enzymes in Table II a ;r,o+;nn=; were made 

the mixed, complete effluente. Dry matter detemmahons ^re^ 
for the calculation of PG activities per gm. of dry matter. The res 
obtained are shoivn in Table II. rirpnarations were 

Preparation of Solid ^J'SSinMe I wWch bad been shaken 

obtained from a 2 per cent solution of P ^ passed 

for 5 minutes with each of three batches of “ 8^”' 
through a 50 cc. burette (contaimng 3 gm. obtained from this 

rate of 4 ce. per minute. The fiml ■’"P" ternol and the 

efSuent by precrpitatrog mth 10 voltes P 

second preparation, B, was obtained from obtained 

addition of 5 volinkes of drjr ether. A (treated on the 

from the effluent of a.2 per cent 

column), by the addition of 2 voluines o a ^ obtained 

CaCl.) and 2 volumes of ether. A ‘ ^ Ct SuSn of Pectinase 
in the same manner from the effluent of a 4 per cent solution 
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H treated on the column. The precipitates were washed with dry ether 
and dried- in vacuo over CaClj. The yields of the dry preparations, 
expressed as the percentage of the weight of dry pectinase which was 


Table II 


Removal of Pcctin-methylesterase (PM) byAmbcrlite IB-tOO, and Recovery of Pectin' 
polygalacturonase (PO) from Commercial Pectinases 


Experi- 

ment 

No. 

Pecti- 

nase 

No.* 

Treatment 

pH 

Dry matter 
( 

Activities in 
effluents and 
preparations per 
gm.dry matter, 
as per cent of 
origiost 

Before 

adsorp- 

tion 

After 

adsorp- 

tion 

Before 

adsorp- 

tion 

After 

adsorp- 

tion 

PG 

PM 






per cen 

percent 



1 

1 

None 

6.1 


4.0 

3.0 

50 

0 

2 

<1 

In 0.5% NaHjPOi 

8.1 

4.0 

4.3 

2.8 

65 

3 

3 

(1 

“ 0.5% 

7.0 

3.5 

4.3 

2.5 

70 

2 

4 

<1 

“ 0.5% KHCiH.O. 

6.1 


4.2 

2.2 

60 

0 

6 


“ 0.5% 

4.1 


4.2 

2.6 

20 

0 

6 

<1 

"0.7% KCl 

2.4 

1.5 

4.1 

2.6 

0 

0 

7 

<< 

Preparation A 

6.1 

3.0 

2.0 


150 

0 

8 

<t 

" B 

6.1 

3.0 

2.0 


125 

0 

9 

II 

None 

6.3 


3.9 

2.7 

45 

47 

10 

<t 

In 0.5% KHC,H,0< 

6.1 

2.5 

2.2 

0.9 

90 

51 

11 

n 

“ 0.5% “ 

4.9 

2.0 

2.2 

1.0 

80 

30 

12 

t( 

“ 0.5%* 

3.9 

1.5 

2.2 

1.0 

80 

11 

13 

tt 

“ 1.0% " 

3.9 


2.2 

1.0 

80 

0 

14 

tt 

“ 1.0% 

3.4 

1.5 

2.2 

1.0 

90 

0 

15 

ti 

“ 1.0% 

2.9 

1.2 

2.5 

1.0 

90 

0 

16 


As in (15). First 10 cc. col- 

2.9 


4.3 

1.0 

220 

0 



lected in 2.5 min. 







17 

it 

Subsequent 250 cc. collected 

2.9 


4.3 

1.4 

75 

0 



from (16) in 1 hr. 







18 

<1 

In 1.0% KHC,H,0. 

2.3 

1.0 

2.5 

1.5 

50 

0 

19 


“ 1.0% 

1.8 

1.0 

2.7 

1.6 

50 

0 

20 

i< 

" 0.7% KCl 

1.8 


2.7 

1.7 

45 

0 

21 

tt 

Preparation C 

2.9 

1.0 

2.0 


20 


22 

tt 

“ D 

2.9 

1.0 

4.0 


20 



* Initial activities in Pectinase I were 77 PM units and 240 PG units per gm., 
in Pectinase II, 109 PM units and 565 PG units per gra. 


treated, were 43, 15, 6, and 33 per cent for Preparations A, B, C, and D, 
respectively. The emphasis in this work being on the qualitative aspe 
of the removal of PM, no attempte were made at this time to recover 
maximum proportion of the PG. The activities of the dry preparati 
are shown in Table II. 
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DISCUSSION 

Complete removal of PM from Pectinase I was accomplished at pH 
6.1 or below, from Pectinase II (in the presence of a suitable buffer) at 
pH 3.9 or below. The results given in Table I indicate that the removal 
of PM did not occur simply by action of high acidities. The possibility 
cannot be overlooked, however, that specific conditions characteristic 
to the column may cause inactivation of the PM without its actual removal 
from the solution. If the PM is removed through ion exchange, it is 
reasonable to assume that the enz 3 Tnes would not be efficiently adsorbed 
on a cation exchanger at pH values above their isoelectric point. As the 
pH is lowered below the isoelectric point, the enzymes become ionized 
as cations and thus will be removed from the solution. The removal 
of PM but not of PG will be accomplished where the pH of the solution 
is below the isoelectric point of PM but still above that of PG. 

Table II shows that different buffer concentrations were needed, in 
addition tp different pH values in order to effect removal of PM from 
Pectinase II. Titration curves for the two enz 3 Tnes showed the presence 
of a large buffering capacity between pH 7 and 8 in the case of Pectinase 
II, whereas Pectinase I gave the regular S-curve. The presence of these 
buffers in Pectinase II may have affected the ionization of the enz}Tnes 
as ampholytes, or. may have actually competed with them for the exchange 
reaction. The effectin both cases would be to lower the pH values needed 
for the separation. 

The high activities of dry Preparations A and B might be attributed 
to the removal of inert materials both in the column and during precipi- 
tation. The low activities found in Preparations C and D are undoubtedly 
due to the greater acidity of the effluent (pH 1) and to difficulties in pre- 
cipitation and filtration which extended the length of operation to several 
hours. As shown by Table I, the PG activity decreases while these 
solutions are held at high acidities. No doubt higher yields of PG could 
be obtained by improving the technique and speed of operation. 

The absence of active PM, when complete removal is indicated in Table 
II, was confirmed by methyl ester determinations (6) on the reaction 
mixtures after 24 hours at pH 6. These showed that no deesterification 
of the pectinic acid occurred. 


SUMMARY 

1. Pectin-methylesterase (PM) was removed from two commercial 
pectinase preparations by the action of a cation exchange resin and vai^’- 
ing proportions of pectin-polygalacturonase (PG) were recovered. 

2. Pectin-methylesterase (PM) was removed from Pectinase I simply 
by the action of the resin on water solutions of the enzyme. It was 
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necessary to use bufifered solutions at a low pH to accomplish the removal 
of PM from Pectinase II. 

3. The possible mechanism of the removal and the cause of the difference 
in the behavior of the two pectinases are discussed. 
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THE FATE OF TRYPTOPHANE IN PYRIDOXINE-DEFICIENT 
AND NORMAL DOGS* 

Br HELEN E. AXELROD, AGNES FAY MORGAN, and SAMUEL LEPKOVSKY 

{From the Department of Home Economics and the Division of Poultry Husbandry, 
College of Agriculture, University of California, Berkeley) 

(Received for publication, March 20, 1945) 

It has been shown that in the p3nidoxine-deficient rat tryptophane is 
converted to xanthurenic acid (1). Xanthurenic acid was first identified 
by Musajo (2) in the urine of rats and rabbits fed a high protein diet, but 
was not foimd in the urine of similarly fed dogs. On pyrido.xine-deficient 
diets, dogs have been shown to excrete a green pigment-producing com- 
pound, presumably xanthurenic acid, in the mine (3), but in minute 
amoimts compared with that excreted by the rat. Xanthmenic acid has 
been found in the mine of pyridoxine-deficient swine (4), and the amount 
excreted was increased when tryptophane was administered (5, 6). It 
seemed worth while to determine the fate of tryptophane in pyridoxine- 
deficient dogs. 

Young cocker spaniels reared in the laboratory colony were maintained 
from the time they weighed 3 kilos, at 6 to 8 weeks of age, on purified 
basal diets of the percentage composition: vitamin-free casein 45.8 or 

18.0, corn-starch 20.3, sucrose 20.0 or 47.8, hydrogenated cottonseed oil 

10.0, Salt Mixtme 5‘ 2.4, and c.alcium carbonate 1.5. Part of the carbo- 
hydrate was supplied as corn-starch because of our difficulty of obtaining 
normal growth in young dogs on a pmified diet when sucrose alone is used 
as the source of carbohydrate. This basal diet was supplemented with 
the crystalline vitamins at the following levels, in mg. per kilo per day: 
thiamine and riboflavin 0.1, nicotinic acid amide 2.0, calcium pantothenate 
and p-aminobenzoic acid 3.0, choline 5.0, inositol 25.0, fullers’ earth- 
treated rice bran concentrate 500. In addition, fish liver oil sufficient to 
provide 800 1. u. of vitamin A and 70 i. u. of rdtamin D per kilo and 1 gm. 
of wheat germ oil were given dail3^ 

The rice bran extract, which was fed to provide biotin and the irnknonm 
factors, was prepared as follows: 5 liters of the concentrate* diluted with 
an equal volume of water were shaken for J hour vith 1500 gm. of fullers’ 

* This work was supported by a grant from the Nutrition Foundation, Inc. 

’ Salt Mixture 5 of the follow ing composition KHjPOi 20 3, KI 0 005, CalH-PO,), 
56 3, NaF 0 068, MgSO, 4 9, MnSO. 0 021, NaCl 22 4, KaUSOdi 0 006, Fe citrate 2 2, 
Ca lactate 9S 7. 

‘ The rice bran extract was that marketed as Galen “B” bx the Galen Compant , 
lac., Berkeley, Califorma. 
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earth, filtered, and washed ■with 3 liters of water. This process was re- 
peated four times and the combined filtrates were concentrated to 10 liters. 
The resulting extract was free of pyridoxine, as shomi by rat assay. The 
untreated rice bran concentrate was fed to the control animals in similar 
amount. In addition, the control animals received 0.1 mg. of pyridoxine 
per kilo per day. Other members of these litters were similarly fed but 
deprived of other B vitamins, in order to produce parallel single deficiencies 
in comparable animals. 

Hemoglobin determinations (7) were made at intervals to determine the 
severity of the pyridoxine deficiency. The presence 'of xanthurenic acid in 
the urine was qualitatively determined with ferric ammonium sulfate (8), 
kynurenic acid by acidifying the urine xvith sulfuric acid (9), and kynurenine 
by the method described by ICikkawa (10). 

For these experiments, thirteen p 3 Tidoxine-deficient and ten normal 
dogs from several closely related litters were vrsed. Four deficient and two 
normal dogs received the 18 per cent casein diet, all others the 45.8 per cent 
casein diet. 

Early in the study it was discovered that both xanthurenic and kynirrerric 
acids were urrstable in dog urines even at refrigerator temperatures. To 
detect the presence of these substances it was necessary, therefore, to 
examine the urine samples immediately after they were voided. 

The normal dogs excreted kynurenic acid usually for 2 to 9 hours after 
the feeding of tryptophane, but the deficient dogs often excreted 
xanthurenic acid for 24 hours, and generally the more severe the deficiency 
the longer the period of such excretion. 

There was no excretion of xanthurenic acid by the pyridoxine-deficient 
dogs on either the 18 or the 45 per cent casein diet, except after the trypto- 
phane was given. This differs from the experience of Lepkovsky and 
Nielsen (8) mth rats, Musajo (2) with rats and rabbits, and Cartwright 
et al. (6) Avith swine, who noted xanthurenic acid production on high 
protein or pyridoxine-deficient diets without the addition of tryptophane. 

Metabolism in Prolonged Deficiency — The results of the administration 
of 2 gm. of di-tryptophane’ or of 1.6 gm. of i(— )-tryptophane to nine do^ 
which had been maintained on the high protein basal diet for relatively 
long periods are showm in Table I. Dog 443 w'as given the amino acid 
six times, first after 126 days on the p 3 Tidoxine-deficient diet, and again 
after varying periods up to 407 days. 5 days after the first test, the amnia 
collapsed and appeared about to die of the deficiency, the symptoms o 
which had apparently been aggravated by the feeding of tryptophane. 

At this time 1.7 mg. of pyridoxine hydrochloride were given by mou 

•Part of the tryptophane was supplied by Merck and Company, I«c., Kahnaj, 
New Jersey. 
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Table I 

Urinary End-Products of Tryptophane Metaholism in Normal and Pyridoxine-Defident 
Dog* Which Received Basal Diet Containing 4B.8 Per Cent Casein 







O 

1 






- 




1 Urinary end-products 


Dog No. 

D'lec 




jjj 




Comment* 

B 

O 


fed 







■s 

O 



XanthU'- 

Kynu- 

Kynu- 


1 



0 


la 

reofc acid 

renijjc 

feme acid 


i 

1 


X 


p« 







1 

gm. 









dayi 

per 







1 


100 


krS. 





1 



gm. 

hlood 







443 o' 

Pjrridox- 

m 



3 

++ 

++ 

— 

Complete col- 


jne-defi- 


■ 


4 

+++ 

+++ 

— 

lapse and pa- 


cient 


■ 


5 


++ 

— 

ralysis; 5 

1 



1 

1 

1 

1 

1 


7 

i 

1 

! 

++ 

i 



days after 
tryptophane 
was fed, 1.7 
mg, pyridox- 
ine given, 
with immedi- 
ate improve- 
ment 
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9.1 

t( <t 

4 

+++ 

+ 

— 

Vomited at in- 






10 i 

++ 

+ 

— 

tervals 
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1.5 gm. 

3-19j 
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+ 

— 

No symptoms 

1 


1 
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!(-)- 
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+ 






1 


12 

— 

— 
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level ob- 
tained 

1 
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No symptoms 
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+ 
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— 

+ 
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— 

— 

— 
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— 

+ 
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trypto- 

phane 
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Doc 443 improved in activity, appetite, and hemoglobin . 

the\lood at once. No more pyridoxine was given, but *^6 Jemoglo 
rose gradually from 7.7 to 12.8 per cent in 6 months. 3 months late 
hpmoelobin level had fallen to 5.2. The later tryptophane . 

pd much less vomiting, failure of appetite, and collapse than di 
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any case. Thus, 58 days after the curative dose of pyridoxine had been 
given, the' metabolism of tryptophane •was abnormal in character. 

Effect of dt-Tryplophane — The normally fed dog, No. 445, examined simi- 
larly after 126, 189, and 217 days on the diet, excreted kynurenic acid and 
kynurenine but no xanthurenic acid when !(—) -tryptophane was given. 
When the dl form was given, however, a trace of xanthurenic acid was ex- 
creted during the first 3 or 4 hours. This was noted also in the case of 
the normal dog. No. 440. In no other case was xanthurenic acid excreted 
by pyridoxine-fed dogs. It is possible that d-tr 3 p)tophane may to some 
e.xtent follow an abnormal course of metabolism even in normal animals. 

The other three pyridoxine-deficient dogs, which were given f(— )- 
tryptophane after 181 to 278 days on the diet, also excreted only kynurenine 
and xanthurenic acid but no kynurenic acid. All of these animals vomited 
at intervals after the tryptophane was administered. 

Metabolism in Early Deficiency States — In Table II are given the results 
of similar studies with young dogs after 30, 65, 92, and 100 days on the basal 
diets containing 18.0 or 45.8 per cent casein. After 30 da}^, when the 
dogs were about 3 months old, the normal animal on high protein diet 
had 13.9 per cent hemoglobin and the pyridoxine-deficient dogs 10.7 and 
10.8. The dog fed the 18 per cent casein diet without pyridoxine still main- 
tained a normal hemoglobin level, 13.0 per cent. After 100 days the 
normal dogs on the high and moderate protein diets had hemoglobin 
values close to 15 and 12 per cent respectively, but the corresponding 
pyrido.xine-deficient groups had only 5 and 8 per cent. Thus the expected 
rise in hemoglobin of the normal young animals was greater on the high 
protein than the moderate protein diet, but the drop due to the p 3 ridoxine 
deficiency was more marked in the group fed the high casein diet. 

In all cases the pyridoxine-deficient dogs excreted only kynurenine and 
xanthurenic acid, and the normal dogs only k 3 Tiurenine and kynurenic 
acid after ingesting the f(— )-tryptophane. There were no untoward 
reactions follo'wing the feeding of the amino acid in any of the dogs which 
had been on the diet only 30 days, nor in any of those fed the moderate 
protein diet for 65 or 100 days, except the splenectomized animals and Dog 
485, which vomited a little water 8 hours after the medication. On the 
other hand, all the pyridoxine-deficient dogs fed the high protein diet for 
100 days vomited at intervals and appeared weak and disoriented after 
the amino acid was administered. The severity of these reactions appeared 
to vary directly \rith the progress of the deficiency. 

Effect of Splenectomy — ^Three dogs, two fed the moderate protein diet. 
One normal and one deficient, and a third fed the high protein pyridoxine- 
deficient diet, were splenectomized 26 days before the tryptophane was fed. 
and 66 or 74 days after they were placed on the diets.^ 

* The splenectomies were performed by Lillian S. Bentlej’. 
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Table II 


Response of Young Dogs on Normal and Pyridoxine-Dejicienl Diets cimiaining 18 or 
4S.8 Per Cent Protein to Administration of 1,5 Gm. of l{—)~Tryptophane 
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the same pattern as in the other earlier experiments. Apparently the spleen 
no function in regard to the disturbance of the mechanism of trypto- 
phane utilization. 

Use of Nicotinic Add-Deficient Diels— Two dogs. No. 467 (Table II) 
and No. 441 (Table I), were maintained on the 45.8 per cent casein diet 
mth pjTidoxine and the other vitamins except nicotinic acid. Thej'' were 
a so deprived of the fullers’ earth-treated rice bran e.xtract so that they had 
no source of biotin or any unknown vitamins, unless the com-starch of the 
asal diet may be considered such a source. Nevertheless, these dogs grew 
normally and manifested few symptoms of deficiency. Their hemoglobin 
e\ els were similar to those of the control dogs and they reacted in the same 
"ay as the latter to the administration of the ti^-ptophane. Without 
unknowns or nicotinic acid, dogs fed this high protein purified diet 
apparently withstood the deficiency for long periods. This is somewhat 
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like the obsen'ation of Handler and Featherston (11), who were not able 
in all cases to obtain typical blacktongue on purified diets containing 19 
per cent casein. Schaefer, McKibbin, and Elvehjem (12) reported success 
in producing the nicotinic acid deficiency ■with purified diets, but these 
authors also used the low protein diet and a relatively low allowance of 
pantothenic acid, 0.5 rag. per kilo per day. With high protein diet, sub- 
stantially free of nicotinic acid and of unkno'wns, but ■\Hth 3 mg. of panto- 
thenic acid per kilo per da 3 ’, these dogs maintained for many months nearly 
normal hemoglobin levels, and exhibited no buccal erosions and no abnor- 
malitj' in utilization of tiyptophane. 

Feeding of Xanthurenale — In their 6th month on the diets, the pyridoxine- 
deficient dog. Dog 443, and the control. Dog 451, were given 250 mg. of 
iron xanthurenate, and 2 days later 150 mg. of pure xanthurenic acid. 
On both occasions the dogs excreted the xanthurenate unchanged.® No 
kynurenic acid was excreted in either case. In somewhat .similar experi- 
ments with rats by Reid, Lepkovsky, Bonner, and Tatum (13), xanthurenic 
acid fed to normal animals appeared to be destroyed, since it was not 
excreted as such nor did kjmurenic acid appear. The pyridoxine-deficient 
rats excreted the .xanthurenic acid unchang^. There is, thus, an apparent 
species diflference between the rat and the dog in the ability of the normal 
animal to destroy xanthurenic acid. 

The failure of Musajo (2) to detect xanthurenic acid in the urine of dogs 
when they were fed a high protein diet, although he found this end-product 
in the urine of rats and rabbits which ■were similarly fed, may be due either 
to the instability of the product in dog urine or to his use of partially 
pyridoxine-deficient diets for the rats and rabbits, but not for the dogs. 
However, in accord iHth Musajo’s observation, neither normal nor severely 
pjridoxine-deficient dogs fed the high protein diet in this study were 
found spontaneously to excrete xanthurenic acid. This is in contrast with 
the experience of Cartwright, Wintrobe, Jones, Lauritsen, and flumphreys 
(6) ■with srrine. They observed kynurenic as well as xanthurenic acid m 
the urine of pyridoxine-deficient animals and very little kynurenic acid in 
that of normal animals. Moreover, the xanthurenic acid excretion occurred 
when a 26 per cent casein diet was fed without the tryptophane supplement. 

The decisive effect of pyridoxine in determining whether kynurenic acid 
or xanthurenic acid shall be e.xcreted after tryptophane feeding indicate 
that it plays some r61e in the reaction leading to the formation of the 
quinoline derivative, the presence of pyridoxine preventing the addition o 
the OH group at the 8 position. The significance of this is at present no 

5 The iron .xanthurenate was prepared from the urine of pyridoxine-deficient rats 
as described by Reid, Lepkovsky, Bonner, and Tatum (13). 
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apparent. The appearance of k 3 Tmrenine in the urines of both normal 
and deficient dogs indicates the correctness of !Musajo’s theory that this 
substance is the common intermediary between tryptophane and both 
kynurenic and xanthm’enic acids. 

The adverse effect of tryptophane feeding upon pjTido.xine-deficient dogs 
would seem to indicate a direct relationship of pyridoxine deficiency to 
tryptophane metabolism, in that in such deficient dogs the administration 
of tryptophane seemed to precipitate a crisis. Albanese, Holt, Kajdi, 
and Frankston (14) reported a reduction in both plasma protein and 
hemoglobin in rats on tryptophane-deficient diets. Possibly the anemia 
of these pyridoxine-deficient dogs is related to this partial failure of trypto- 
phane utilization. 


SUMMARY 

Young dogs, fed purified diets containing 45.8 or 18 per cent casein and 
ample supplements of all vitamins except pyrido.xine, excreted kynurem'ne 
and xanthurenic acid but no kynurenic acid after ingestion of single doses 
of 2 gm. of d(-tryptophane or 1.5 gm. of 1(— )-tryptophane. Similarly 
treated animals, given pyrido.xine, excreted k 3 miu’enine and kynurenic 
acid but no xanthtirenic acid, except traces after administration of the 
dl-tryptophane. None of these products appeared in the urines unless 
the tryptophane supplement was given. 

The dogs excreted xanthurenic acid following the admimstration of 
tryptophane after only 30 days on the pyridoxine-deficient regime, and 
this abnormality continued throughout prolonged periods up to 407 da 3 's. 

The more severely deficient dogs exhibited nausea, anorexia, and some- 
times collapse after ingesting the tryptophane, but the normal animals 
and those in the earlier stages of the pjoidoxine deficienc}’- were unaffected. 

The moderate protein pyridoxine-deficient diet produced the same 
symptoms as did the corresponding high protein diet, but somewhat les.^ 
rapidly. 

The high protein diet containing pyridoxine, a generous amount of panto- 
thenic acid, and all other \dtaniins except nicotinic acid, and anj' unknowns 
except those present in the corn-starch used, allowed j'oung dogs to develop 
normally, to maintain normal hemoglobin levels, and to metabolize tr 3 'pto- 
phane normally. 

Removal of the spleen did not affect the course of tryptophane 
metabolism in the pjTidoxine-deficient animals. 

Xanthurenic acid fed to normal and deficient dogs was excreted 
unchanged in both cases. 
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THE ANTIRIBOFLAVIN EFFECT OF GALACTOFLAVIN 


By GLADYS A. EMERSON, ELIZABETH WURTZ, and OSCAR H. JOHNSON 

(From the Merck Inslilule for Therapeutic Research, and the Research Laboratories of 
Merck and Company, Inc., Rahway, New Jersey) 

(Received for publication, June 9, 1945) 

A number of riboflavin derivatives have been showm to inhibit the utili- 
zation of this vitamin (1-3). Two of these compounds, isoriboflavin 
(5,6-dimethyl-9-(d-l'-ribityl)-isoalloxazine, 6,7-dimethyl-10-(d-l'-ribityl)- 
isoalloxazine) and the phenazine analogue of riboflavin, depressed the 
growth of animals receiving suboptimal levels of riboflatdn, an effect that 
was counteracted by the feeding of an excess of the vitamin. 

This communication reports the antivitamin activity of another analogue 
of riboflavin; namely, galactoflavin (6,7-dimethyl-9-(d-l'-dulcityl)-iso- 
alloxazine, 7,8-dimethyl-10-(d-l'-dulcityl)-isoalloxazine). This compound 
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differs from riboflavin only in that the dulcityl group has replaced the 
ribityl group as the sugar moiety of the molecule. 

experimental 

Weanling male rats averaging 42 gm. in weight were plac^ on a ribo- 
fla\dn-free diet, the composition of which is as follows: vitamin-free casern 
18 per cent, dextrose 6S per cent, U. S. P. Salt Mixture 1, 4 per cent, 
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Crisco 8 per rent, cod liver oil 2 per cent; supplemented with 0.8 mg. each 
of thiamine and pyridoxine, 5 mg. of Ca pantothenate, 10 mg. of nico- 
tinamide, and 100 mg. of choline chloride per 100 gm. of diet. The twelve 
groups employed are indicated in Table I. The galactoflavin was fed 
daily at a level of 1.08 or 2.16 mg. and with varying amounts of ribofla\'in; 
namelj’, 10, 40, 120, and 200 y. The 10 y level does not suppl}' the 
rat’s need for this vitamin, the young rat’s requirement being about 40 y 
daily. The high levels may therefore be considered to exceed the rat’s 
need for riboflavin. The vitamin and the inhibitor were administered by 
stomach tube as a suspension in gum acacia. 


Table I 

Effect of Galactojlavin upon Growth of Rais on Varying Intakes of Riboflavin 
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* Riboflavin increased to 200 y daily between Periods I and II. 
t Equimolar equivalent of 1 mg. of riboflavin. 


Galactoflavin had an inhibiting effect upon the growth of rats main- 
tained on the riboflavin-free diet (Groups 2 and 3 as compared with Group 
1); furthermore, the feeding of the higher lev'el of the drug had a marked 
influence on survival; sbc of the original nine rats had succumbed by the 
26th day of the test. The depressing effect upon growth was also observed 
with the rats receiving the lower lev'els of riboflavin (10 y and 40 y) (Groups 
5 and 7, Period I, as compared with Groups 4 and 6). The inhibitor w^ 
fed only at the higher level. The riboflavin was increased from 10 an 
40 7 to 200 y between Periods I and II, with a resulting stimulus m e 
growth response. When the inhibitor was fed at a level of 1.08 mg. 
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daily in conjunction with 120 y of riboflavin, the increment in weight was 
approximately the same as for the controls (Group 9 as compared with 
Group 8); however, the feeding of the higher level of the drug (2.16 
mg.) depressed growth (Group 10 ^ compared with Group 8, Period I). 
This effect was not as marked as that observed %vith the same quantity 
of galactoflavin and the lower level of riboflavin. Increasing the ribo- 
flavin intake from 120 to 200 y between Periods I and II resulted in only 
a slight augmentation in the rate of growth. 

The growth-depressing effect incurred by the feeding of 2.16 mg. of 
galactoflavin was not completely prevented by the daily administration 
of 200 y of riboflavin (Group 12 as compared •with Group 11). This lack 
of complete counteraction may perhaps be explained on the basis of 
solubility. It is possible that the ribofla-vin might have been better uti- 
lized had it been administered in the diet rather than in a single dose. 

SOSIMAHY 

Galactofla'vin, when fed to rats on a ribofla'vdn-free diet, suppressed 
gro«-th beyond that attributable to the deficiency of riboflavin alone; 
furthermore, the mortality rate was increased. The compound likewise 
inhibited the growth of rats receiving low levels of riboflavin, an effect 
that was almost completely counteracted by the feeding of excess ribo- 
flavin. 
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THE ANTITHIAMINE EFFECT OF THE 2-7i-BUTYLPYIlIMIDINE 
HOMOLOGUE OF THIAMINE 
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{F Torn the Merck Institute Jor Therapeutic Research, and the Research Laboratories of 
Merck and Company, Inc., Rahway, New J ersey) 


(Received for publication, June 9, 1945) 

The antivitamin activity that may result from the feeding of structurally 
altered vitamins has been discussed by Woolley (1). Pyrithiamine, the 
pyridine analogue of thiamine, was found by Robbins (2) to inhibit the 
grouiih of certain fungi. The antithiamine effect of pyrithiamine was 
demonstrated in mice by Woolley and White (3), ivho ivere able to pro- 
duce the characteristic signs of thiamine deficiency by the feeding of this 
compound. Furthermore, the deficiency state so induced could be pre- 
vented or cured by sufficient amounts of thiamine. The antithiamine 
activity of the 2-/i-butylpyrimidine homologue of thiamine (2-n-butyl-5- 

(4-methyl-5-/9-hydroxyethyl-thiazoliumbromide)-methyl-6-ammopyrimidine 

hydrobromide) is herein reported. The structure of this compound is as 
follows : 
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Preliminary tests demonstrated that this compound was devoid of thia- 
mine activity and apparently functioned as a thiamine inhibitor. Ac- 
cordingly an experiment was designed to establish this effect. 

Porty-eight weanling rats divided into six groups of like average weight 
were placed on a thiamine-deficient diet consisting of technical casein 16 
per cent, com-starch 60 per cent, autoclaved j'east 9 per cent, salt mixture 
(U. S. P. No. 1)4 per cent, Hydrogenated vegetable oil 9 per cent, cod Iner 
oil 2 per cent, and non-autoclaved brewers’ yeast 0.2 per cent. 

The animals received supplements daily by stomach tube as follows. 
Group 1, none; Group 2, 2.8 mg.' of the 2-n-butylpj'rimidine homologue 
of thiamine (bromide h3’drobromide) ; Group 3, 5 y of thiamine, Group 4, 

' Equimolar equivalent of 2 mg. of thiamine (chloride hydrochloride). 
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5 7 of thiamine and 2.8 mg. of the homologue; Group 5, 50 y of thiamine; 
Group 6, 50 y of thiamine and 2.8 mg. of the homologue. 

The feeding of the thiamine homologue decreased the survival period 
of rats maintained on a thiamine-low diet (Table I, Groups 1 and 2). 
The most striking effect, however, was noted when the compound was fed 
in conjunction with a suboptimal level of thiamine (5 7). Under these 
conditions the preparation had a marked depressing effect upon growth. 
Moreover, all animals in the group developed poljmeuritis, five out of 
eight succumbed, and the remaining three were moribund after 50 days 
on the test. Rats receiving the same intake of thiamine, but without 
the homologue, made continuous gains, were free from polyneuritis, and 


Table I 

Response of Rats to Thiamine and S-n-Butylpyrimidinc Homologue of Thiamine 
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all survived the 50 day test period (Groups 3 and 4). The true anti- 
thiamirie nature of the compound was demonstrated by the fact that the 
growdh-depressing effect of the inliibitor was almost completely prevented 
by the administration of excess thiamine (50 7) (Groups 5 and 6). Th^e 
Endings indicate that 1 mole of thiamine counteracts the antithiamine 
eSect of about 40 moles of the homologue, an antithiamine actinty com- 
parable with that reported by Woolley and White (3) for pyrithiamme. 

It is of interest to note that the 2-ethyl derivative of thiamine possessea 
full thiamine activity when tested nrith rats (4), and the 2-n-propj ana 
logue showed some actmty in assays with pigeons (5). The 2-n-i3uty 
homologue was not only inactive but acted as an antivitamin. 
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SUMMARY 

The administration of the 2-n-butylpyrimidme homologue of thiamine 
to rats maintained on a suboptimal intake of thiamine produced polyneu- 
ritis and subnormal gro^vth, characteristics of thiamine deficiency. These 
effects were nullified by the feeding of excess thiamine. 
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ACETYLATION OF SULFANILAMIDE BY LIVER HOMOGENATES 
AND EXTRACTS* 


BtFKITZLIPMANN 

{From the Biochemical Research Laboratory, Massachusetts General Hospital, Boston) 
(Received for publication, June 5, 1945) 

The acetylation of sulfanilamide, discovered by Marshall et al. (1) and 
by Fuller (2), has been the subject of a large number of investigations. 
Since a considerable fraction of the drug may circulate and be excreted 
in acetylated form, the phenomenon has practical importance (Stewart, 
Rourke, and Allen (3)). Furthermore, the reaction has been used fre- 
quently in studies of the mechanism of acetylation (4-6), in which the 
easily determined sulfanilamide serves as a trap for acetyl groups. 

Acetylation of sulfonamides has been observed in men and in a large 
number of mammals, except the dog, in birds, and also in cold blooded 
animals (Marshall (7)).' Generally the liver was found to be the sole 
site of acetylation (8); in the cat, other organs do, however, seem to par- 
ticipate in the reaction (9). Acetylsulfanilamide, onee formed, is not 
decomposed again in the animal body. 

The studies mentioned so far were carried out with intact animals or 
by perfusion of isolated organs. Klein and Harris (10), however, demon- 
strated the applicability of an in vilro technique to the study of sulfanil- 
amide acetylation. Their experiments with rabbit liver slices contributed 
considerably to the clarification of the mechanism of this reaction. Par- 
ticularly noteworthy was the demonstration of a coupling between acet- 
ylation and respiration. 

It was the purpose of the present investigation to approach more closely 
the study of the enzymatic mechanism of acetylation. The primary 
problem, therefore, was to prepare active cell-free preparations. Attempts 
by Klein and Harris to obtain acetylation in ground up rabbit liver had 
given negative results. With a more cautious procedure we obtained 
some acetylation in rabbit liver homogenate. Better, and sometimes 
even abundant, acetylation was found Mth preparations of pigeon liver, 
first with homogenates and, later, with e.xtracts and acetone preparations. 
Through the use of these enz 5 ’me preparations it has been possible to 
advance further the analysis of the mechanism of sulfamlamide acetj'lation. 
Particularly, the coupling with energy-yielding reactions could be traced to 
^ dependence on the supply of eneigy-rich phosphate bonds through 
^enyl P5Tophosphate. 

* This study was supported by a grant from the Commonwealth Fund. 
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Methods 

Sulfanilamide — ^The acetylation of sulfanilanude was followed by the 
method of Bratton and Marshall (11) by which only free sulfanilamide 
is directly determined. As described by Bratton and Marshall, acet- 
ylated sulfanilamide may, however, be determined as the increase in 
free sulfanilamide after hydrolysis with 0.2 n hydrochloric acid in boiling 
water. 

It soon was found consistently that the originally added sulfanilamide 
was quantitatively recovered after acid hydrolysis. This indicated that 
in our procedure destruction of sulfanilamide was negligible and that its 
disappearance could safely be attributed to conjugation (c/. Table II). 
Therefore acid hydrolysis was frequently omitted and conjugation was 
determined as the difference between the control and incubated sample. 
In the important experiments, however, checks by acid hydrolysis were 
made on the recoverability of disappearing sulfanilamide. 

Throughout the experiments trichloroacetic acid was used for depro- 
teinization in such amounts as to ^ve a final concentration of 3 to 4 per 
cent. 

Tissue Preparation — For the preparation of homogenates, essentially 
the directions of Potter and Elvehj^m were followed (12). The dimensions 
of the homogenizer were adapted to accommodate fluid volumes up to 
50 ml. A glass plunger was prepared to fit the average width of 25 X 
200 mm. Pyrex test-tubes, and from a large number of such tubes a 
series of slightly different Mdths was chosen. These were graded arbi- 
trarily from No. 1 to No. 4, No. 1 being quite tight fitting and No. 4 
allowing an interspace of about 1 mm. between the wall and the plunger. 

One or two pigeon livers, weighing 7 to 10 gm. each, were finely minced 
with stainless steel scissors. The minced tissue w^as suspended in 1 to li 
times its volume of a fluid which in composition approximates the intra- 
cellular salt milieu. A formula was used similar to that introduced by 
Buchanan, Hastings, and Nesbett (13) in their experiments on glycogen 
synthesis in liver slices. The solution contained 0.13 m potassium chlo- 
ride and 0.01 m magnesium chloride, and was buffered with either phos- 
phate, pH 7.6, or bicarbonate, in a 0.03 to 0.04 m concentration. 

The relatively coarse suspension of liver particles was first homogemze 
in a loose fitting tube. No. 3 or No. 4. Connective tissue was 
by filtration through two layers of -wide meshed gauze. The filtrate w 
further homogenized in a tight fitting tube. During these opera lo 
the preparation was kept cold by packing the tube in crushed 
not stated otherwise, the homogenates were used immediately after p P 

aration. jjj. 

These preparations contained approximately 0.4 gm. oi uver n 
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of homogenate. In spite of such a high concentration of liver pulp, the 
homogenate was rather fluid and could easily be pipetted when the con- 
nective tissue had been removed by filtration through gauze. 

EXPERIMENTAL 

Acetylation in Homogenates of Liver; Oufh'ne-The first tests were made 
with rabbit liver which had been used in the tissue slice experiments of 
Klein and Harris (10), The results were encouraging in a qualitative 

Table I 

Respiration, Phosphate Turnover, and Sulfanilamide Acetylation of Pigeon 
Liver Homogenate 

Each respiration vessel contained 1 ml. of homogenate, prepared as described, 
plus 0 5 ml. additions, and NaOH in the center cup. The vessels were shaken with 
air as the gas phase in a thermostat at 37°. The experimental period is counted 
from immersion into the thermostat. The experiment was terminated by the addi- 
tion of 5 ml. of 5 per cent trichloroacetic acid after If hours incubation The data 
for phosphate and sulfanilamide refer to the total incubation period 


Addition* 

Oxysen consumption 

P turnover 

Sulfanilamide acet>> 
Ution 

Second 

10 mm 

Following 
30 mm 

Experi* 

ment 

Eiperi- 

ment 

minus 

control! 

Experi* 

ment 

Expen* 

ment 

minus 

cODtroU 


c mm 

emm 

mg 

ms 

7 

7 

0 

80 

241 

1 31 

-hO 45 

13 

-53 

Acetate, 0 025 m 

99 

292 

1 27 

-f 0 41 

11 

-55 

Pyruvate, 0.025 M 

86 

210 

1 29 

4-0 43 

10 

-56 

Same -f malonate, 0 02 m 

105 

271 

1 21 

-t-0 35 

15 

-51 

Fumarate, 0 02 m 

96 

249 

1 26 

-f 0 40 

18 

-48 

Same -f fluoride, 0.02 si 

89 

270 

0 55 

-0 31 

11 

-55 


The acids were added as their sodium salts 
t Control, 0 86 mg, of P before incubation 

t Control, 66 v; the added sulfanilamide, measured in a control without incubation. 


manner; a definite although rather slight acetylation was observed with 
rabbit Uver homogenate. For instance, when 67 y of sulfamlannde 
were added to 1 ml. of homogenate and incubated aerobically at 37 for 
60 minutes, 15 per cent was conjugated with added acetate and 8.5 per 
cent without acetate. For the contemplated study of the finer mechanism 
of acetylation, however, such an activity did not seem satisfactorj’, es- 
pecially since less or no acetylation was frequently found with homogenized 
rabbit liver. Hat liver was tested next and, m accordance with the ex- 
perience of earlier workem (10), was found stiU less suitable for in tiYro 
experiments. Eventually we succeeded in the search for active cell-free 
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material by finding in homogenates of pigeon liver a vigorous acetylation 
of sulfonamides. 

In Table I some eharacteristics of this preparation are surveyed. The 
oxygen consumption amounts to somewhat less than half the values re- 
ported by Evans (14) with pigeon liver suspension prepared wth a Latapie 
grinder, and remained steady for at least 1 hour. A considerable break- 
dowm of cellular phosphate compounds occurred during incubation without 
fluoride, ivhile with Huoridc appreciable phosphate fixation was obsen'ed. 
When 66 7 of sulfanilamide were added, 80 per cent was acetylated even 
without the addition of a metabolic substrate. Therefore the differences in 


acetylation due to added acetyl donors were not well pronounced in this ex- 
periment. Notable, nevertheless, is an increase in acetylation ivith fluoride, 
which parallels the positive phosphate balance (last two lines of Table I). 
Such an effect of fluoride was not always pronounced. It was particularly 
■well observed xvith slight acetylation (cf. Table .VI). However, this early 
indication of a connection between acetylation and phosphorylation lead 
eventually to an isolation of the essential enzyme system, in which, inde- 
pendent of respiration, adenyl pywophosphate acting as an energy donor 
was found to promote the conjugation of sulfanilamide. In the foUoiving 
paragraphs, first the over-all process rvill be described as it occurs in fresh 
homogenate, dependent largely on respiratory energy supply. Subse- 
quently some properties of the isolated enzyme system will be described. 

Coupling between Respiration and Acetylation — ^To study the influence of 
various factors the experimental conditions had to be adjusted to main- 
tain a steady saturation of the enzyme system throughout the experiment. 
For this purpose, it was necessary to shorten the incubation time as well 
as to increase the concentration of sulfanilamide. In Table II the residts 
of an experiment are recorded in which aerobic and anaerobic acetylation 


were followed with the addition of various metabolites. To aerobic sam- 
ples 630 7 of sulfanilamide were added per ml. of homogenate and tiie 
incubation was continued for 15 minutes only. To follow accurately ti® 
lesser, anaerobic effect, less sulfanilamide was added and the incubation 


time extended to half an hour. 

The data of Table II show the folloiving characteristics. As an a^y 
donor, acetate is certainly superior to all other compounds tested, xms 
observation parallels earlier results with sliced liver tissue (10) and m 
intact animals (15, 16, 5). The addition of acetate increased acetylation 
by 88 per cent. A pronounced, though smaller, increase of 48 per cen 
is seen -with pyruvate and of 40 per cent xvith acetoacetate. Sbg 
increases were- found with acetoin and diacetyT bearing out earlier o ^r- 
vations with intact animals (17). The apparent ease with which 


1 Dr. W. W. Westerfeld kindly supplied samples of these compounds. 
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toacetate functions as an acetyl donor is remarkable. Although so many 
indications point toward an equilibrium between acetate and acetoacetate 
(18, 19), a chemical definition of this reaction has not yet been possible. 

Secondly the data evidence the ultimate dependence of abundant acet- 
ylation on continuous energy supply by the 5-fold aerobic increase in 
acetylation over and above the anaerobic level, even when the greater 
time of anaerobic incubation is not taken into account. Nevertheless, 
a consistent residual anaerobic acetylation remained which may be influ- 
enced by the addition of the same acetyl donors as those which activate 


Table II 

Aerobic and Anaerobic Suljanilamide Conjugation; Effect of Metabolites 
Samples of 1 ml. of homogenate (0.4 gm. of liver tissue -(- 0.6 ml. of a solution con- 
taining 0.7 per cent KCl, 0.01 m MgSO<, and 0.03 m KjHPO*) in a total volume of 1.4 
ml. were shaken at 37° in Warburg vessels in an atmosphere of either air or nitrogen. 

The respiratory activity of this preparation was comparable to that used in the 
experiments of Table I. 


Substrate added* final concentration 

i 

1 

Aerobic 

Anaerobic 

Iccu- 
batloD 1 
time 

1 Sulfanilamide 

Incu- 

bation 

time 

j Sulfanilaroide 

Direct 

0 ) 

After 

hydrol- 

ysis 

(2) 

Acety* 

iated 

(2)-{l) 

Direct 

0) 

After 
hydrol- 
ysis 
f2) ^ 

A«iy- 

UtM 

(«-(« 


min. 

y 

y 

y 

mm 

y 

y 

y 


0 

630 

630 

0 

mm 

442 

440 

0 

0 .... 

15 

495 

640 

146 


420 

452 

32 

O.Oi^ M acetafft, . . 


370 

642 

272 

■■ 

379 

455 

76 

0.04 " acetyl phosphate. . . . 





■ 

400 

446 

46 

O.Ois " acetoacetatfi. . . . 


412 

615 

203 


i 



0.025 “ pyruvate 


436 

650 

214 


387 

443 

66 

0.013 diacetvl . . 


478 

625 

147 


393 

437 

44 

0.013 " acetoin 


474 

650 

176 

■ 





nerobically. In the anaerobic experiment, moreover, acetj'l phosphate 
Was tried as an acetyl donor. Its relatively slight effect will be discussed 
m a later paragraph in connection with experiments on the utilization of 
phosphate bond energy in the process of acetylation. 

Acetate Effect — ^Further details on the rate of acetylation and on its 
activation through acetate are ^ven in Table III. An e.xperiment with 
and without acetate on a larger scale is represented in Fig. 1. Quite 
generally an addition of acetate increased the rate of acetjiation by 50 to 
100 per cent; occasionally, however, little or no effect was obseiwcd, for 
instance in the first e.\periment of Table R'’. 

In order to account in terms of acetate for such acetjiation as occurs 
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■without an added substrate, the steam-'volatile acid was determined in 
several samples of homogenate. Per ml. of homogenate levels of 1.5 to 2 
micromoles were found, increasing little during incubation. Such an 
amount of acetate theoretically may account for an acetylation of 260 to 
340 y of sulfanilamide. Actually the maximal acetylation without a 
substrate amounted to only 172 y. The acetate balance becomes even 
more favorable if it is considered that acetate presumably is oxidized as 
well as produced during the e.xpen'ment, since its addition increases oxygen 
consumption (Table I). 


Table III 

Effect of Acetate on Aerobic Sulfanilamide Conjugation 
The experimental procedure was the same as in the aerobic experiment of Table II. 


Experiment 

No. 

Incubation 

time 

Sulfanilamide conjugated per 
ml. homogenate 

Remarks 

No. addition 

50 micromoles 
acetate added 



y 

y 


1 


58 


501 y sulfanilamide were added 


20 

120 


at start of experiment 


30 

164 

316 



50 

172 

346 


2 

30 

43 

69 

420 y sulfanilamide added at 


60 

47 

112 

start 


120 

51 

127t 



• In a parallel anaerobic experiment 76 y of sulfanilamide were conjugated with 
either acetate or acetyl phosphate added. 

t Steam-volatile acid was determined, directly after the acetate addition, as 52 
micromoles and at the end of the experiment ns 58 micromoles perml. of homogenate. 


Relative Rates of Acetylation 'with Various Sulfonamides — In Table IV 
the relative extent of acetylation in vitro was determined ■with some of the 
eommonly used sulfonamides. The highest yield of acetyl compound was 
given by sulfanilamide, the lowest by sulfadiazine. The same sequence 
appears in data for acetylation in the human body compiled by Janeway 

( 20 ). . T-PT 

Activation of Acetylation by Cocarboxylase in Thiamine-Deficient Lav 
Preparations — In the experiments of Table V the livers of pigeons were 
used which had been kept on polished rice until deficiency symptoms 
appeared. Here, the adition of cocarboxylase to the homogenate im 
creased acetylation, in particular with added acetate. The effec w 
well pronounced only in Experiment 1. Deficiency experiments 
complicated by a frequent disappearance of the ability to 
fonamides in livers of strongly deficient birds. The effect of thiamm 
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acetylation in the intact animal had previously been observed by Martin 
ei al. (21) -with deficient rats. 

In the deficient system cocarboxylase causes the greatest increase of acet- 
ylation with excess of acetate. Therefore it seems that in the thiamine- 



MINUTES 

Fig. 1. Time curve of acetylation and the effect of acetate. Experimental condi- 
tions were similar to those described in Table II, except that Erlenmeyer flasks were 
used instead of Warburg vessels. The flasks were shaken in the thermostat with air 
as the gas phase, and at the indicated times samples were taken for analysis. 

deficient system the process of conjugation rather than the availability 
of the acetyl group is inhibited. ^Vhen this finding is related to the depend- 
ence of acetylation on a suppl 3 ’^ of energy-rich phosphate bonds, subse- 
quentlj’^ described, the observed activation of acetj'lation bj' cocarboxj- 
lase may be attributed to an increased supplj' of phosphate bonds, thus 
indirectly implying an inefficient coupling between oxidation and phos- 
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phorylation in the thiamine-deficient jsystem (22). Likewise, insulin had 
been found to increase acetylation considerably (23), while recent ex- 
periments with radioactive phosphate show that insulin intensifies the 
turnover of adenyl pyrophosphate in the liver of the rat (24). 

Table IV 

Acetylation of Various Sulfonamides and of p-Aminobenzoic Acid by Liver Homogenate 
Samples of 1 ml. of homogenate, in a total volume of 1 3 ml., were shaken in 
Warburg vessels with air at 37°. The incubation time was in all cases 20 minutes 
To facilitate a comparison of the rate of conjugation, the data are given in micro- 
moles per ml. of homogenate. 2 S micromoles of the compound in each case were 
added at the start. 


Compound 

Acetate added 

Sulfonamide conjopted 



micreiwUs* 

Sulfanilamide 

0 

1.00 


so 

1.09 

Sulfathiazole 

0 

0 30 


so 

0 40 

Sulfadiazine 

0 

0 20 


so 

0.30 

p-Aminobenzoio acid 

0 

0 64 


50 

0.62 


• 1 micromole of sulfanilamide ■=■ 172 y. 


Table V 


E^ect of Cocarhoxylase on Acetylation in Homogenates of Thiamine -Deficient 

Pigeon Liver 

Samples of 1 ml. of homogenate (0.4 gm. of fresh tissue -1- 0 C ml. of 0 13 uKCh 
0 02 M MgCls, and 0.04 M NaHCOi) in 1 35 ml. of total volume were shaken in Warburg 
vessels at 37° in an atmosphere of oxygen-5 per cent CO» for 45 minutes. 345 7 
of sulfanilamide w ere added at the start of the experimental period. 




Sulfanilamide conjuffated 



No addition 

tSy cocsrboxyhse 


mserffmeUs 

7 

7 

1 

None 

40 

55 


50 

83 

124 

2 

None 

SO 

62 


50 

50 

58 


Coupling heiween PhosphoryleUion and Acetylation— Id. the 
of Table I some increase of acetylation with fluoride was noted. Tie a 
of Klein and Harris (10) suggested a positive effect of fluoride. 
they stated merely that fluoride does not inhibit acetylation, their ^ 
indicated a slight increase with fluoride. In the experiment of Ta 
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Table Vi 

Effect of Fluoride and Adenyl Pyrophosphate 
Each vessel contained 1 ml. of fresh homogenate with 0.03 st sodium bicarbonate 
in a total volume of 1.25 ml. 60 minutes incubation at SG'afterdippinginST-y of sul- 
fanilamide. The gas space of the Warburg vessels was filled with Oj-S per cent COi 
or N;-5 per cent COj respectively. 


Addition i 

1 

1 

Conjugated sulfanilamide 

Aerobic 1 

Anaerobic 


y 

y 


6 



11 

4 

Same -f 0.32 mg. adenyl pyrophosphate-Pr* 


17 


* P; stands for phosphorus, hydrolyzable by 7 minutes boiling with n hydrochloric 
acid. All adenyl pyrophosphate was decomposed at the end of the experiment. 


Table VII 

Anaerobic Conjugation through Adenyl Pyrophosphate 
Samples of 1 ml. of homogenate, with 0.03 m sodium bicarbonate, were incu- 
bated at 37° in Warburg vessels filled with Ns-5 per cent COj, which had been 
passed over heated copper o.xide. All vessels contained acetate in 0.02 M final con- 
centration and 90 y of sulfanilamide were added at the start with the sodium 
fluoride. The adenyl pyrophosphate was added from two separate annexes in equal 
portions, the first at the start and the second after 15 minutes incubation. The total 


incubation time was 30 minutes. 


Etperiment 

No. 

NaF 

Adenyl pyr 

Added 

ophospbate 

Remaining 

Sulfanlla- . 
mide 

conjugated 

Remarks 


mole Per 1. 

ms. Pi 

ms. Pi 

1 

y 1 


1 

0.08 

0.32 

0.16 

49 

Fresh homogenate 


0.08 

0 

0 

9 



0.02 

0.32 

0.09 

37 



0.02 

0 

0 

5 


2 

0.02 

0.32 

o.os 

67 

Same, after freezing overnight 

3 

0.02 

0 

0 

16 

Different homogenate 

1 

0.02 

0.32 

0 

28 


1 

0.02 

0.32 

0 

19* 



* No acetate was added to this sample. 


the activation by fluoride appears more distinctlj', presumablj because of a 
lower activity of this preparation,* 

* A considerable decrease in the activity of liver preparatiorm was usualb 
trith prolonged cage life of the animals. The highest actirities were o t^c wi 
livers of pigeons which had been freshly delivered from an out of town dealer. 
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The assumption that the activation by fluoride may be due to a protec- 
tion of energy-rich phosphate bonds is borne out by the even greater 
effect of adenyl pyrophosphate, although it was assayed in the absence of 
oxygen. More data on acetylation through adenyl p 3 Tophosphate are 
given in Table VII. Of special interest is the effect of freezing whicli 
generally decreases respiration of liver homogenates considerably. The 
acetylation with adenyl pyrophosphate, however, was slightly enhanced 
after freezing. The increase found with the addition of acetate (Experiment 



MINUTES 

Fig. 2. Manometric meaaurement of enzymatic decomposition of acetyl phosphate. 
Samples of 1 ml. of homogenate, in a final volume of 1 .65 ml., containing 0.03 M sodium 
bicarbonate, were shaken in Warburg vessels with Ns-5 per cent COs as the gas phase. 
The control contained the same amount of plain bicarbonate. In both vessels 0.3 m . 
of a 0.2 M solution of sodium acetyl phosphate was dipped from an aimex at zero time. 
The readings were not corrected for retention and the measured gas evolution, due o 
the acid formation with acetyl phosphate splitting, is only proportional but no 
equivalent to the decomposed amounts. 

3 of Table VII) furnishes evidence that the conjugation brought about 
by adenyl pyrophosphate is in fact acetylation. 

In contrast to the strong anaerobic acetylation with adenyl . 

phate, the addition of acetyl phosphate, as mentioned already, had 
effect, not exceeding that of free acetate (Tables II and HI)- 
to be considered that acetyl phosphate is very quickly destroyed by 
homogenate, much faster than is adenyl pyrophosphate. Data 
enzymatic hydrolysis 6f acetyl phosphate in liver homogenate are 
duced in Figs. 2 and 3. In the experiment of Pig. 2, acid forma 
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measured manometrically in a bicarbonate medium. In an analogous 
experiment the liberation of inorganic phosphate was determined by the 
method of Lipmann and Tuttle (25). Parallelism between acid formation 
and phosphate liberation shows the reaction to be a hydrolytic split of 
acetyl phosphate. The enzyme responsible for this reaction apparently 
IS ubiquitous in animal tissues. It has been observed so far in extracts 
of kidney, brain, liver, and muscle; it is particularly abundant in muscle, 
and the muscle enzjTne has been studied in some detail. It was found to 



Pig. 3. Disappearance of acetyl phosphate in liver homogenate due to enzymatic 
decomposition. Samples of 1 ml. of homogenate containing 0.05 M sodium bicarbon- 
ate were brought into a series of test-tubes and equilibrated in a water bath of 37 . 
At zero time 0.85 mg. of acetyl phosphorus was added as the sodium salt. At the indi- 
cated times 5 ml. of 3 per cent trichloroacetic acid were added to one of the samples 
and acetyl phosphate was determined immediately. The fluoride concentration in 
the experiment with fluoride was 0.05 m. 

be a heat-resistant, very soluble protein, probably of basic nature, the 
properties of which tvill be described in a subsequent publication. 

The presence of this enzjrme, although by itself of metabolic interest, 
tends to interfere with attempts to evaluate results obtained with acetyl 
phosphate in animal tissues. With a concentrated homogenate, as is 
needed for acetylation, acetyl phosphate has a half lifetime of a little less 
than 2 minutes and none is left after a 10 minute period. Fluoride increased 
the half lifetime by about 50 per eent, but even then verj' little acetjl 
phosphate remains after 10 minutes incubation (Fig. 3). -Acet 3 'l phosphate, 
however, remained a poor acetyl donor, even when during the first 15 min- 
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utes aerobically an abundant acetylation was obser\'ed (Table II). Such a 
strongly active enzjme preparation should have shown an effect in spite 
of rapid decomposition. 

Non-Emymatic Acetylation of Aniline with Acetyl Phosphaie — ^In the 
enz 3 Tnatic experiments ■with acetyl phosphate the possibility bad to be 
considered that the acid anhydride, acetyl phosphate, might react non- 
enzymatically with aromatic amines. Tests were made under conditions 
analogous to those in the enzyme e.xperiments, but did not show meas- 
urable non-enzymatic acetylation of sulfanilamide. An appreciable 
reaction was found, however, •with aniline, which could be used in higher 
concentrations. This observation is considered to have some bearing on the 
problem of enzymatic acetylation, and data on the non-en^matic acet- 
ylation of aniline ■with acetyl phosphate are included here. 

Aniline was determined by the diazotization method used for sul- 
fanilamide determination. "R^en in analogy ■irith enzyme experiments, 
low concentrations, for instance 1 micromole of sulfanilamide or amlinc 
per ml., were treated ■nith 100 micromoles of acetyl phosphate, no de- 
crease of the free amine was observed. Positive results were obtained, 
however, by reversing the concentrations of the reactants and determining 
acetyl phosphate (25) rather than aniline. 2.5 micromoles of acetyl 
phosphate were incubated at 37® ■with and rvithout aniline. With 0.8 
. cent aniline, after 1 hour, 65 per cent of the acetyl phosphate was 
found decomposed against a spontaneous decomposition of only 15 per cent 
in the same period. This excess decomposition was attributed to the re- 
action 


Acetyl phosphate -f aniline — ♦ acetanilide -f phosphate 

To prove this reaction the experiment was repeated on a somewhat 
larger scale in order to isolate acetanilide. T^wo samples of 2.5 per cent 
aniline in 10 ml. of 0.03 m propionate buffer of pH 5.8, one containing 56 
micromoles of acetyl phosphate, were incubated for 1 hour at 37°. Hue 
to the action of the aiuline, 58 per cent, or 28 micromoles, of acetyl phos- 
phate was decomposed. A separation of acetanilide was now carried out 
in the following manner. Both samples were extracted three times ndtb 
ether in a separatory funnel. The ether extract w'as shaken repeatemy 
with 1 per cent sulfuric acid to remove the excess amline and 
with water. Both ether extracts were now evaporated to dryness. e 
extract from the sample contmning acetyl phosphate left on evaporation 
a layer of white crj-^stals, while the control evaporated without visi e 
reridue. The residues were dissolved in 1 ml. of ethanol and made up o 

volume with water. Aniline w'as determined colorimetrically before a 

after 60 minutes hydrolysis at 100° with 0.2 N hydrochloric acid, y ^ 
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procedure acetanilide is hydrolyzed. Before hydrolysis, both the experi- 
mental sample and the control gave a slight color corresponding to 2 micro- 
moles of free aniline. In the sample containing acetyl phosphate the hy- 
drolysis liberated 22 micromoles of aniline, while in the control no increase 
was observed. Another aliquot was used for steam distillation. After 
gently refluxing in strong sulfuric acid for 50 minutes to decompose the 
acetanilide, 18.4 micromoles of steam-volatile acid were obtained from the 
solution of the crystalline residue. Considering the fact that not too 
great care had been taken to conduct the extractions in a rigidly quanti- 
tative manner, the approximate equivalence between decomposed acetyl 
phosphate, conjugated aniline, and steam-volatile acid agrees TOth a 
stoichiometric reaction between acetyl phosphate and aniline according to 
Equation 1. 

Table VIII 

Preliminary Fractionation of Homogenate 
The experimental conditions were analogous to those described in Table V, except 
that the incubation time was 36 minutes. The homogenate n as prepared the day 
before and was kept frozen overnight. Further details of preparation are described 
in the text. 


Fraction 

Added adenyl pyro- 
phosphate 

CoDju^ated sulfaniLunide 


ms> Pi 

y 

Whole homogenate 

0 32 

65 

0 

5 

Supernatant fluid 

0 32 

69 

Particulate- matter 

0 32 

39 


Preparation and Characteristics of Homogeneous Enzyme Solutions The 
enzymatic principle which brings about the acetylation of sulfanilamide 
with adenyl pyrophosphate as a condensing agent is not bound to cell 
structures. From the data of Table "iTII it appears that on centrifugation 
the activity remains in the supernatant solution. In the experiment 
described the frozen homogenate was thawed and centrifuged in an angle 
centrifuge at 4000 to 5000 r.p.m. in a cold room at 7° outside temperature. 
After about 20 minutes centrifugation a separation had occurred into a 
reddish brovn, somewhat cloudy supernatant, a thick semifluid 
phase, and a sediment. The supernatant, amounting to a little less t^ 
two-thirds of the ori^nal volume, was sucked off v\ith a pipette. e 
residue, including interphase, was resuspended in saline, and brought 
back to the ori^nal volume. The particles were not washed and tons 
retained a little more than one-third of the fluid extract. The data s ow 
that no or little activity is bound to the sediment. 
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As a more remote possibility a primary phosphorylation of sulfanilamide 
might be considered. 

The experiments reported in the second part of this paper support the 
general idea that the energy transfer between respiration and acetylation 
occurs by way of phosphate bonds. The present eiidence, however, is 
largely in favor of assembling the separate steps sketched above into an 
inseparable reaction unit. The poor reacthity of acetyl phosphate makes 
a separate reaction between adenyl pyrophosphate and acetate appear 
unlikely. It seems rather that acetate and sulfanilanude are enzymatically 
induced to form a complex with adenyl pyrophosphate which exergonically 
breaks up into acetylsulfanilamide, adenylic acid, and inorganic phos- 
phate. 

CH,COO~ + KH.C,H,SOjNH, -1- ad ~ POT - (2) 

CH,C0-XHC,H4S0;XH, + ad- + HO-POT 
AFo “ -1-3 — 12 ■= —9 kilocalories 

The liberation of inorganic phosphate is overshadowed in the present 
conditions by the large phosphate liberation through adenylpyrophos- 
phatase. A stoichiometric participation of adenyl pyrophogjhate, how- 
ever, in the process of acetylation is indicated strongly by the quantities 
required for acetylation. Furthermore, the endergonic nature of the 
condensation makes a coupling with an exergonic process necessaiy' 

< excludes a mere catalysis. Although the total energy of the phosphate 
bond in adenyl pyrophosphate AFo = — 12 kilocalories is probably 3 to 
4 times that required for the condensation (AFo = about -fS kilocalories), 
an enzymatic mechanism is scarcely probable which would allow the energy 
derived from a breakup of a single bond to be utilized in multiple conden- 
sations. 

Numerically the energy for this conjugation should be similar to that 
required for peptide synthesis, since the linkage formed in this reaction is 
a — CO -NH — linkage. According to calculations by Borsook and Huffman 
(29), the symthesis of hippuric acid and of leucylglycine requires 2.5 and 
2.9 kilocalories respectively. In spite of the aromatic nature of the amino 
group, such a comparison seems justified and may indicate applicability 
of the reaction scheme discussed here to peptide and protein synthesis. 


SUMMARY 

1. Homogenates of pigeon liver, when allowed to respire, acetylate 
considerable amounts of sulfanilamide; 2.5 ml. of homogenate of 1 gm. o 
liver under optimal conditions may conjugate up to 1 mg. per hour. M- 
aerobically the acetylation is slight, amounting to one-fifth or less of me 

aerobic capacity . , ^ 

Acetylation may be found without the addition of metabohtes, o 
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generally was doubled by the addition of acetate. Acetoacetate and pyru- 
vate were only about half as active as acetate, and some increase was 
caused by the addition of acetoin. 

2. Of a series of analogous compounds, sulfanilamide was most actively 
acetylated, followed by p-aminobenzoic acid, sulfathiazole, and sulfa- 
diazine, in the indicated order. 

In a few experiments ■with homogenates of livers from thiamine-deficient 
pigeons, the addition of cocarboxylase enhanced acetylation. 

3. The supply of adenyl pyrophosphate to the homogenate increased 
anaerobic acetylation to levels approaching the aerobic effect. The coup- 
ling ■with respiration could thus be replaced by a store of adenyl pyrophos- 
phate. 

Experiments were undertaken to test acetyl phosphate for its capacity 
to furnish acetyl groups. These were complicated by the presence of a 
very active acetylphosphatase, an enzyme ubiquitous in animal tissues. 
Nevertheless, the results indicate rather definitely that acetyl phosphate is 
not active ■with the enzyme system. A non-enzymatic acetylation of 
aniline ■with acetyl phosphate could be demonstrated. 

4. The enzymatic system, which brings about sulfanilamide acetyla- 
tion through combination of the reactants ■with adenyl pyrophosphate, 
is freely soluble and maj' be separated from particulate matter by centrif- 
ugation of the homogenate. Active solutions were obtained furthermore 
by extraction of acetone preparations of pigeon liver. Such enzyme prep- 
arations are easily inactivated by autolysis. Inactivation may be partly 
or wholly reversed through the addition of boiled fiver juice. 

5. The mechanism of acetylation by way of phosphate bond transfer 
is discussed. 
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The subject of poisoning by oxygen has been reviewed by 
and by Bean (3). Bert (4) fii^t suggested ‘=ause may be the d^tob- 

ance of some vital biochemical processes, particu ar y oxi a i . 
tion of oxygen, production of carbonic acid «^ea, breata^ do^ of 
glucose in the blood, all chemical phenomena whic can e m under 

appear to be considerably slowed dotvn by the action o yg 

To study the phenomenon, the authors have 
activity in vitro of surviving tissues exposed to ig oxy 
comparison with similar tissues under 1 atmosp which 

present paper is concerned solely with expenmen “ gvmntoms ob- 

fall into three groups: ( 1 ) the intact animal was expos > +:ggue sub- 
served, and certain aspects of the metabolism o i s under nor- 

.tudirf; (2) the meubeu™ ot the 

mredlmi^^ely^iJSidrap^^^^^ 

and rapidly prepared either by slicing or omoge , ‘ of the 

were prepared from knorni iveights of tissue ^6 20. 

Potter-Elvehjem type rvith buffered medium m the 

Uniform slices of known thickness were prepar J n| Plexiglas holder 

tome described elsewhere (5). This consists f^^“tiallj of a 

in which a section of razor blade slides in sue a n a makes 

shoes n-ith ease and rapidity. The extreme fnabihty of bmm sbc^^ 

• The first two papers of this series are ‘ of sunfiving tissues 

“An apparatus for the detennination of tbe gaseo 

tn ritro at high pressures of oxygen” (2). rontract reconunended by the 

t The work described in this paper was done <Vientific Research and De- 

Committee on Medical Research, between the Office of bcient 
velopment and the University of Pennsylvania. 
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blotting inthout injun- difficult. Hence the determination of the initial 
wet weight was omitted. Instead the drj' weight was determined at the 
end of the experiment as follows: To precipitate any proteins in solution 
in the medium, trichloroacetic acid was added to make a final concentration 
of 7 per cent. The contents of the Warburg respirator were then filtered 
through a weighed sintered crucible and the tissue on the filter washed three 
to four times with 1 to 2 ml. of water to remove salts and trichloroacetic 
acid. The dry weight was then determined after heating the crucible at 
110° for 24 hours. This weight represented 100 per cent of the total solids 
in the original tissue, as demonstrated by the following control experiment. 

.Approximately 80 mg. (wet weight) of brain slices were equilibrated for 
2 hours at 38° with 3 ml. of medium. 0.5 ml. of 50 per cent trichloroacetic 
acid was added and the mixture filtered. 3 ml. of the original medium with- 
out brain tissue were similarl3- treated. Both filtrates were analyzed for 
total solids, with the following result. The value calculated for the solids 
in the medium was 42.2 mg.; 42.2 mg. were observed in the medium after 
acidification and filtration, and 42.3 mg. after equilibration with brain, 
acidification, and filtration. It is evident that the solids in the filtrate from 
the brain slices were the same as those present in the original medium, prov- 
ing that no solids present in the slices were lost during filtration or washing. 
Other controls showed that trichloroacetic acid was completely volatilized 
at 110°. It has been the custom in this laboratory to express metabolic 
-acti\dties on a wet weight basis in order to facilitate intercomparison of 
different oi^ns. The wet weights were calculated from the dry weights, 
assuming a constant wuter content of 76.9 per cent which was the mean 
(rfcO.3 per cent) of fourteen control determinations on whole rat brains. 

The equilibration media varied somewhat during the course of the ex- 
periments but consisted of a phosphate buffer (usuallj’ 0.040 m) at pH 7.2 
(occasionally pH 6.7) with glucose (0.2 per cent). The osmolar concentra- 
tion was 0.300 to 0.320 M. Besides sodium as chloride, it contained potas- 
sium (0.005 to O.OlO m), calcium (0.002 m), and magnesium (0.002 to 0.006 
m). Variations from this medium are noted in the text when significant. 


EXPERIMENTAL 


Iniact Animal Experimenis — The animals were exposed to various pres- 
sures of oxygen in suitable pressure chambers. In the earlier experiments, 
a small chamber of about 600 ml. capacity was used, with a bottom layer 
of CO;-absorbing alkali (Shell Hatron) and a P]e.xiglas top for observation. 
Control analyses of the chamber atmosphere show'ed less than P®*' 

C0« after 2 hours. In later experiments, the large, high pressure V arourg 
app’aratus was used with Plmdglas side windows for the 
symptoms. The gas capacity was about 25 liters ; hence CO: accurou 
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during the short experiments was insignificant. Compression of the ani- 
mals by oxygen from standard cylinders was produced in 1 to 2J minutes. 
Decompression was carried out in stages in some e.xperiments, and rapidly 
in others. The brains were removed immediatelj' following decompression. 
The prepared slices or homogenates were placed in standard Warburg ves- 
sels ivith appropriate medium, gassed (in thecase of slices) with 100 per cent 
O 2 , and equilibrated at 38° with constant shaking. O.xygen uptake and 
CO 2 output were measured manometrically by the usual method. 

Preexposure Experiments — The prepared slices or homogenate, in the 
appropriate medium, was placed in 20 ml. Erlenmeyer flasks mounted 
within a small pressure chamber which was then filled ivith oxygen at the 
required pressure and shaken in a water bath at 38°. The tissue was equi- 
librated at this pressure for the required time, decompressed rapidly, and 
transferred to a standard Warburg vessel for metabolic determinations. 

Experiments with Continuous Exposure to High Oxygen Pressure A 
special method (2) for the manometric determination of oxygen uptake and 
CO 2 output of tissues at high oxygen pressures was used. The apparatus 
consisted essentially of a cylindrical steel chamber of 100 liters capacity, 
which also serves as a water bath, equipped \rith \rindows and external 
controls permitting the operation of six specially adapted Warburg vessels 
and manometers. Temperature was maintained at 38° d: 0.05 and the 
vessels were shaken at the same speed (120 oscillations per minute) and 
with approximately the same amplitude as in the standard Warburg 
apparatus. The vessels were equipped with a center well containing a 
filter paper roll moistened ivith alkali for the absorption of CO 2 , and a 
chambered side stop-cock containing acid. 

Immediately after preparation, the tissue was placed nith appropriate 
medium in the main compartments of the vessels, which were gassed wit 
100 per cent O 2 and mounted in the apparatus. The chamber was closed 
and flushed for 7 minutes with O 2 at 15 pounds pressure (which was found 
sufficient to give an atmosphere of 98 to 99 per cent O 2 ). The pressure 
raised rapidly (8 atmospheres in 2 minutes), 8 minutes more being allow 
to elapse for the physical solution of the O 2 and completion of temperature 
equilibrium. O 2 uptake was then measured manometricall 3 '. The respiro- 
torj’ period was terminated b 5 ' killing the tissue with acid admitt^ from t e 
chambered stop-cock. After sufficient time for the absoi^ition o 2 

liberated by theacidfromthetissueand medium, the pressure within the m 

ber was lowered, and the vessels dismounted. The CO: absorbs upwn e 

alkali-filter roll in the center well was deterrmned in the usua waj a ter 
transfer of the roll to a standard Warburg vessel. A paral e ^ ° 

tissue was acidified at the beginning of the respiratorj* period for t e 
mination of the initial CO 2 of the sj-stem. Instead of acid for the deter- 
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mination of CO5, auxiliary substances were at times admitted from the side 
stop-cock. In most cases, parallel slices from the same brain were 
equilibrated in the same medium in a standard Warburg vessel at 1 
atmosphere of pOz, and the respiration measured at the same time as those 
of the slices under high pressure. 

In the studies on carbohydrate balance, the contents of the vessels were 
treated as follows; At the end of the respiratory period, tissue and medium 
were centrifuged, and the tissue washed with water before filtration through 
sintered crucibles for the determination of drj' weights. Centrifugate and 
washings were brought to 10 ml. For lactic acid determination, 2 ml. were 
treated with 0.4 ml. of 50 per cent trichloroacetic acid, recentiifuged, 
washed, and filtered and the filtrate and washings were made up to definite 
volume and analyzed by the Barker-Summerson method (6). For glucose 
determination, to the remaining 8 ml. of the original centrifugate was added 
0.5 ml. of 10 per cent ZnSOi and NaOH until the solution gave a faint 
red color to phenolphthalein. After centrifugation, filtration, and washing 
of the residue with water, the filtrate and washings were brought to definite 
volume and glucose determined by the Benedict method. 

The carbohydrate utilization during the respiratory period was calculat^ 
as follows: Parallel slices (usually two) were killed by the addition of acid 
.. at the beginning of the respiratory period and the glucose and lactic acid 
of their media determined. The means of these initial values were used 
correct the final values obtained in the case of the respiring slices. Car- 
V^ kohydrate utilization was calculated as the decrease of glucose minus one- 
half of the increase of lactic acid and expressed as micromoles per gm. 

Standard Error of Means — Where indicated this w’ns calculated by Peter s 
formula as a sufificient approdmation; vie., standard error of the mean = 
1.25 2a.d./(n y/n — 1). n is the number of observations and Za.d. is the 
summation of the differences of the observations from the mean. 


Results 

Exposure of Intact Animal to High Oxygen Pressures {8 Atmospheres) 

Fig. 1 shows the data observed in eighteen animals exposed for 30 minutes 
to 8 atmospheres of oxygen. Section A shows the total incidence of centra 
nervous symptoms. For simplicity they are grouped together as “convu - 
sive symptoms” and include restlessness, twitching, clonic movemen ^ 
tonic-clonic generalized convulsions, and spasms (most marked as opistno 
onus occurring immediately after convulsions). The symptoms ^ 
occur in this order and were each counted once when appearing in an amm , 
hence the incidence is greater than the number of animals. Dyspnw 
also shown in Section A. The r61e of the central nervous he 

unknown; massive lung hemorrhages are almost always found loU 
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exposure. Section B shows the incidence of complete collapse, a state from 
which the animals cannot be roused, and which usually ends in death. 
Section C shows the incidence of death. Six of the rats died during ex- 
posure. A few rats, obviously moribund, were sacrificed for pathological 
studies. Only an occasional rat recovered after decompression from the 30 
minutes exposure which mayj therefore, be considered between 90 to 100 
per cent of the lethal dose. 

In general, the most striking symptoms are of central nervous origin and 
are apparent from the Sth to the 25th minute of exposure to 8 atmospheres 


£. 



Flo. I. Incidence of symptoms observed in eighteen albino rats exposed for 30 
minutes to 8 atmospheres of oxygen. Six rats died during exposure and practically 
all died shortly after decompression. 

of oxygen. They all suggest strong motor discharge. The significance 
of the constantly occurring dyspnea, and the associate lung pathologj', do 
not concern the present study. 

Metabolic Studies 

Brain of Nonnal, Fed Albino Rat; Oi Uptake and Respiratory Quotient — It 
was found by control experiments with brain slices of different thicknesses 
that maximum respiration at 1 atmosphere of pO; was achieved only irith a 
maximum thickness of 0.35 mm., thicker slices giving significantly lower 
Oxygen uptakes presumably owing to partial anaerobiosis in the center of 
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the slices. In all cases, the oxygen uptake was rectilinear for at least 2 
hours; i.e., the final rate was uithin 5 per cent of the initial rate. The con- 
trol rates of oxj'gen uptake (see Table I) were significantly higher than 
most values cited in the literature. For example, Elliott and Tibet (7) give 
a maximum initial rate corresponding to 149 micromoles per gra. per hour, 
but falling off ivith time. In earlier literature quoted by Quastel (8), sinu- 
lar or lower rates were found by Warbuig, Loebel, and Dickens and Simer, 
while Quastel reported a rate similar to that obtained in the present study 
(197 micromoles per gm. per hour). We attribute our higher rates to the 
following factors: (1) improved slicing technique; (2) minimum trauma by 
the use of outside cortical slices with only one cut surface, and elimination 
of initial wet weight determination which requires blotting of the tissue. 
We emphasize that our results are based on true initial wet weights as 
demonstrated under “Methods.” 


Table I 

,1/ean Rates oj Oxygen Uptake and Respiratory Quotients of Cortical Slices from Brains 
of Normal Fed Albino Rats, and Rats Exposed to 8 Atmospheres 
of Oxygen for SS Minutes 



Oi uptake* 

No. o{ determi* 
aatiosst 

mgm 

IIHI 

A'ormal 

ntcr^mclet fer 

Ptr hr, 

186 ±-{.3 

11 

0.93 ± 0 . 00 s 

7 

High oxj’gen 

190 i 6 

i 

0.96 ± 0.005 

12 


• All rcBpirations were linear for 2 hours, 
t Each determination on a separate rat. 


The first category of experimental results included the Oj uptake and 
K.Q. of brain slices following exposure of the normal, intact animal to 8 
atmospheres of o.xygen for 25 minutes. 

The lates are compared to the mean normal values. There is no 
difference (Table I) in either rate of O 2 uptake or R.Q. resulting from ex 
posure of the intact animal to high oxygen pressure sufficient to cause dea 
in all cases. It is also sigiuficant that the respiration of these slices 
rectilinear for 2 hours, and for 3 hours in six other experiments not inclu 
in Table I. . * 

The rates (Table II) for brain homogenates from normal rats m 
mosphere of pOj were one-fourth those of the slices, and rectilinear 
over an hour, falling off slightly thereafter. It is possible that a 
of factors such as the presence of Ca++, as mentioned by Elhott an 
(7), are responsible for the low' rates. It is not felt that this ques 
involved in the conclusions draivn in the present study, and tha ese 
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trol values shouTi are valid for comparisons vith those at high oxygen pres- 
sure. 

Table II shows the O 2 uptake and k.q. values of brain homogenates after 
e.\posure of the intact animals to 8 atmospheres ot oxygen for 25 minutes. 
The only apparent effect upon the respiration by exposure of the animal is 
the shortening of the initial period of rectilinear respiration; i.e., increase 
in the rate of falling off of oxygen uptake. 

In preliminary experiments, brain slices or homogenates were exposed to 
high oxygen pressures for an initial period, and the effect determined by 
measuring the oxygen uptake in a final period at 1 atmosphere. In the case 
of slices, twelve determinations were made and the results were quite uniform. 
Following 1 hour’s exposure to 6.9 atmospheres of oxygen, the subsequent 
oxygen uptake at the end of 1 hour averaged 68 per cent of that of control 

Table II 

Mean "Rates of Oxygen Uptake and Respiratory Quotients of Homogenates from Brains 
of Normal Fed Albino Rats, and Rats Exposed to 8 Atmospheres 
of Oxygen for SB Minutes 

Each determination was made on a separate rat. Six determinations were made 
for each value reported. The total period of respiration for each determination was 
90 minutes. 


Rat treaUncDt 

Initial pxrlod 
of rectilinear respi* i 
ration 1 

Initial Oi upure 

Final Oi uptake 

total 

Normal 

1 

min. 

. 70 

micromclcs per gm. 
Per hr, 

46 ± 1.6 

micTomeUs per gm, 
per hr, 

35 ± 1.2 

0.87 ± 0.020 

High oxygen 

45 

49 ± 1.7 

32 rt 1.9 

0.81 ± 0.010 


slices, falling to 52 per cent at the end of 2 hours. The mean respiratory 
quotient was 0.94 ± 0.03, not significantly different from that of the con- 
trols. Twenty-five measurements were made of the oxj'gen uptake of brain 
homogenates similarly treated. In general, the results were the same as 
vith slices, although much more variable. Preliminary exposure ranging 
from J to 3 hours always resulted in decreases of subsequent o.x 3 ’gen uptake 
to a degree roughly proportional to the time of e.xposure and oxygen pres- 
sure. The Oj uptake in the 6nal period varied from 20 to 80 per cent of 
that of the controls. The oxygen uptake was measured during the initial 
period at high oxygen pressures, as well as at 1 atmosphere in the trial 
period. Fig. 2 shows data for a brain homogenate and is fairly tjqiical of 
the behavior of homogenates under these conditions. Compared to the 
control observ'ed throughout at 1 atmosphere, the initial rate of ojygcn 
uptake at 8 atmospheres of oxj'gen fell off significantly during the 45 
minutes of exposure. Follonlng decompression to 1 atmosphere, the rate 
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continued to fall off, whereas the control sample of the same homogenate 
continued to take up oxygen in an essentially rectilinear manner. 

A large number of observ'ations were made of the oxj'gen uptake and r.q. 
of brain slices during exposure to 8.0 atmospheres of oxygen, the high pres- 
sure apparatus being used for this purpose. In some cases the pressure was 
dropped to 1 atmosphere, and the observations continued. The results 
were sufficiently constant to be represented as means plus or minus the 
standard error of the mean (Table III). The times shown are those of 
exposure, although the readings were not begun until 8 minutes after high 
pressure was reached. Several striking findings are to be emphasized: 
(1) The initial rate of oxygen uptake, the tissue having been subjected to 



Fig. 2. The oxygen uptakes of homogenized rat brain, under 8 atmospheres of 
oxygen and subsequently at 1 atmosphere, and under 1 atmosphere throughout. 


8 atmospheres approximately 8 minutes before the readings were begun, is 
not signfficantly different from that of the controls (Table I). (2) The 
o.xygen uptake is well maintained for a period of 30 minutes, but reaches 
half its initial value in about 1 hour. The observed r.q. values are less 
than those of the controls but whether this is significant or not cannot be 
stated. In the time required to kill an intact animal with severe mamfesta- 
tions of central nervous system disturbances (about 15 to 25 iiunu 1 
there is little or no change in the metabolism of the brain as mdica 


bj' the oxygen uptake and r.q. 

Figs. 3 and 4 demonstrate the significant fact that when 
poisoning is once initiated it is not reversible upon restoration of no 




STADIE, RIGGS, AND HAUGAAED 


199 


conditions. In Fig. 3 the oxygen uptake was the same as that of the con- 
trol during the 45 minute exposure to 8 atmospheres. But that poisoning 
has occurred is shown by the subsequent decrease of oxygen uptake at 1 
atmosphere, until at 180 minutes the rate had fallen to 79 per cent of the 
control. In contrast, when the oxygen pressure is maintained at 8 atmos- 
pheres throughout (Fig. 4), the oxygen uptake falls off more rapidly after 
60 minutes and is practically zero at 180 minutes. It is also to be noted 
that in comparison to the homogenates (Fig. 2), the slices are far more 
resistant to the poisonous .action of high oxygen pressures. 

To determine whether or not the effect of high oxygen pressure was a 
generalized one affecting the oxidation by brain of substrates other than 

Table III 

Mean Rate of Oxygen Uptake and Respiratory Quotient of Cortical Slices of Brains 
from Normal Fed Albino RaU during Exposure of the Slices to 

High Oxygen Pressure 





Time under pressure 



1 



25 min. 

' 40 mm. 

' 55 min. 

70 min. 

1 

1 100 min. 

1 

1 130 min. 

S 

»e» 

*.Q. 

Mean 0, up- 
take, mi- 
cromoles 1 
per gm. 
per hr. 

204 ± 7 

185 :t 8 

1 

1 

153 ± 10 

108 ± 10 

62 ± 7 

36 =b 5 

1 

20 

0.82 i: 0.028 

% mean con- 
trol 

110 ± 4 

99 ± 4 

82 ± 5 

58 ± 5 

33 ± 4 

19 ± 4, 

11 

88 ±3 

No. of ob- 
servations 

18 

18 

13 1 

1 

10 

6 

3 

1 

10 


glucose, experiments were done at 8 atmospheres of O 2 in the presence o 
various substrates. 

The effects of oxygen poisoning were manifest with fructose, piTU\a e, 
lactate, and succinate, as in all cases there was a falling off in oxj gm up 'c 
quite similar to that observed in the case of glucose. The ^ wn o 
malate was not high even in the controls, but the rate of fal ing 0 nas in 
creased by high oxygen. Approximatelj’ the same held or succina e. 
Acetoacetate was used in an attempt to see whether a fattj aa m er 
mediary reacted differently from carbohydrate intermedianes. one\ <^, 
the respiration in this case was so small relative to that of brain s ices 
out any added substrates that no conclusion could be drawn. >-0 or a_ 
analysis has gone, no particular piart of the carbohydrate oxi tion - cm 
appears more affected by oxj-gen than another. 


200 


OXYGEN POISONING. Ill 


The possibility that the toxic action of oxj’gen is limited to the period 
ivhen glucose is being metabolized was excluded by the following e.xperi- 



Fic. 3. The oxygen uptake of cortical rat brain slices, under 8 atmospheres of 
- -CTygen and subsequently at 1 atmosphere, and under 1 atmosphere throughout. 





Fig. 4. The oxygen uptake of cortical rat brain slices under 8 atmospheres of oxy 
gen compared with the mean of eleven observations at 1 atmosphere. 

ments. Brain slices were equilibrated at 8 atmospheres of O 2 ivith no added 
substrate, or with pyruvate. After 60 minutes exposure glucose was adtle . 
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In either case the oxygen uptake fell off from the beginning and the addition 
of glucose at 60 minutes produced no effect except a slight transient increase 
in the sample ivithout substrate. 

The possibility that some specific action of oxygen upon the p 5 TUvate- 
ojddizing system could be prevented or diminished by the presence of large 
excesses of thiamine was tested. Brain slices with pyruvate plus additional 
thiamine did not differ from the controls without thiamine in their reaction 
to high oxygen pressure. Nor did the late addition of thiamine produce 
any sigmficant effect. This experiment failed to indicate any specific effect 
of high oxygen pressure on the P 3 fruvate oxidation system. 


Oxugsn Uptokr 



Timo, /linulw " 

Fig. 5. The oxygen uptake of cortical rat brain slices under high nitrogen or helium 
pressures compared with that under 8 atmospheres of oxygen. 

■As a further control the effects of high pressures of nitrogen or helium 
(together with 1 atmosphere of oxj’gen) on the oxygen uptake of brain 
slices were studied. Either nitrogen or helium under pressure is used in 
deep sea diving operations and the former is known to have narcotic action 
upon the intact organism, while helium, at similar or greater pressures, is 
known to be inert. 

In comparison with a typical curve for tissue slices under 8 atmospheres 
of o.xj'gen (Fig. 5), it is apparent that under 7 atmospheres of nitrogen or 
helium (and I atmosphere of oxj’’gen) the o.xygen uptake was rectilinear for 
140 minutes and the same in magnitude as with 1 atmosphere of oxygen 
alone. This evidence shows that the phenomena observed under high 
oxj'gen pressure are specific and not due to simple mechanical pressure. 
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The metabolism of the brain as determined by in vivo and in vitro ex- 
periments is mainly carbohydrate in character. 

Experiments were done to determine xvhether or not high o^cygen pressure 
qualitativ^ely alters this character. Brain slices were equilibrated, and the 
glucose utilization determined as described under “Methods." In addition 
the oxygen uptake was observed. The data in Table IV show the following. 
(1) The net glucose utilization Ls not significantly diminished at high pres- 
sures. (2) The ratio of o.xygen uptake to glucose utilization is not signili- 

Table IV 

Effect of Oxygen at SjB Atmospheres on Carbohydrate Metabolism of Brain Slices from 
Normal Fed Albino Rats 


The carbohydrate balance and oxygen uptake are expressed in micromoles per gm. 
(80 minutes). 


Pressure of 
oxygen 

lUt No. 

Change of 
glucose 

Change of 
UcUc add 

Glucose 

b&lance 

upUke 

Ratio, orygea 
uptake to 
glucose bdaace 

otmesphens 







1 

94D.14 

-43 

-h36 

-25 


7.2 



-37 

-f-33 

-20 

179 


1 

04D-17 

-42 

-1-47 

-19 

120 

6.3 



-48 

-1-72 

-12 

150 

12.5 

1.7 

94D-18 

-73 

-1-61 

-43 

252 

5.9 



-58 

-1-41 

-38 

246 

6.5 

Mean ± standard 





7.9 ± 1.1 

error of 

mean 

-50 ± 8 

48 ± 7 


188 ± 20 

8.2 

94D-13 

(-45)» 

(+«)• 

(-22)* 

(114) • 




-63 

-f70 

-28 

138 



94D-16 

-60 

-1-78 

-21 

156 




-78 

-H07 

-25 

168 


Mean ± standard 





6.0 ± 0.7 

error of 

mean 

-67 ± 5 

85 ± 8 

-24 ± 2 

154 ± 10 


* The first determination was for 47 minutes; it is excluded from the mean 
Duplicate determinations were made on each rat. 


cantly different from 6.0, the expected value if the chief metabolism is tha 
of carbohydrate. High oxygen pressure produced no change in this rela- 
tionship. (3) There appears to be more lactic acid formation (glycolysis o 
glucose) at high pressure. The data are insufficient to state that tins is a 
constant manifestation of oxygen poisoning. The main conclusion wro 
is that high oxygen, while diminishing total metabolism as shown oj ' 
crease of oxygen uptake, has no specific effect upon the ability of the i 
to oxidize glucose which it continues to do at a diminished rate. 
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The possible enhancement of the toxic action of high pressures of oxygen 
y partial pressures of CO2 at and above normal levels and hence associated 
with normal or low pH is widely discussed in the literature. Experiments 
were therefore done which differed from those previously described in that 
issues were studied in 8 atmospheres of oxygen containing various partial 
pr^sur^ of CO2. Direct determinations of oxygen uptake cannot be done 
m the high pressure Warburg apparatus when there is CO2 in the gas phase. 

e ere ore measured the CO2 output. For this purpose parallel slices 
of brain were assembled in two identical systems. Initially both contained 


Table V 
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included. The results arc in accord ivith our e.Yperience ivith high o.'cygen 
in the absence of CO*; i.c., the CO2 output (and hence the oxygen uptake) 
was only slightly affected by high pressures of oxygen + CO* during the 
1 hour’s e.vposure. There is no indication that the presence of CO2 over a 
considerable range of pressure resulting in a wide range of pH enhanced 
the toxic action of the oxj^gen. 


DISCUSSION 


O.xygen at 8 atmospheres produces definite toxic effects quickly in rats, 
culminating in convulsions ivithin 15 minutes. Death uniformly occurs if 
the exposure is continued 15 minutes more. Obviously, the processes re- 
sulting in death are very rapid. Up to a certain stage, however, they are 
revereible because, even after convulsions, many am'mals recover completely 
following decompression. The facts and implications must be borne in 
mind when the result of in vitro study of tissues under high oxygen pressure 
is examined. 

Gross autopsy findings were confined to hemorrhagic patches of intestines 
and lungs. However, it cannot be stated that important pathological 
changes do not occur in the brain under high oxygen pressure, since detailed 
histological studies have not been completed. 

The insignificant reduction in the rate of oxygen uptake of brain slices 
from animals killed by high oxygen pressure is difficult to reconcile ndth 
the severe symptoms and death of the animal. Several e.xplanations are 
conceivable: (1) Some toxic substance is formed by the action of high 
oxygen pressure per se, the precursor being some normal metabolite. (2) 
Some essential factor is oxidized by oxygen per se, the oxidized product 
being deprived of its essential action. In these two alternatives enzyme 
systems do not enter. (3) An enzyme system is poisoned in such a way that 
its normal function is disarranged so as to produce a toxic substance, pre- 
sumably from some normal metabolite. (4) Some enz3miatio system pro- 
ducing a factor essential to normal coordination of central nervous func- 
tion is peculiarly susceptible to high oxygen pressure. In consequence it i® 
rapidly inhibited, the essential factor is not produced, and the tram 0 


symptoms and death result. 

It is impossible from present knowledge to decide among these 
tives. Preliminary ex-periments in which blood from animals killed y 
high o.xygen pressure ivas injected into normal rats failed to support e 
first or third hypothesis. However, the possibility that the hypothe ica 
toxic substance might rapidly revert to a non-toxic form must be 
mind, since our experiments did not eliminate this possibility, ome c 
is given to the fourth alternative by the fact that some enzymes are co 
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pletely resistant to high oxygen pressures, others are moderately affected, 
while some are quickly and completely inhibited. If the hypothetical 
enzyme concerned is an oxidative one, then its oxygen requirements for 
normal function are such a small part of the total metabolism of the brain 
that its elimination escapes detection when the over-all metabolism is meas- 
ured by the Warburg method. The possibility that the inhibited enzyme 
is quickly reversed to a normal status upon return to 1 atmosphere of oxy- 
gen (a necessity of our experimental technique) must be considered. In 
that event, the subsequent oxygen uptake at 1 atmosphere would be nor- 
mal. Against this is our failure to restore the oxygen uptake of inhibited 
brain slices or homogenates by removal to 1 atmosphere. The nature of the 
hypothetical system or its metabolic product is entirely a matter of specu- 
lation. However, it must be remembered that the animals with severe 
symptoms under high o.xygen pressure may be completely restored to nor- 
mal, if decompressed early enough, indicating a possible quick reversal of 
an inhibited enzyme system to normal. 

The possibility that oxygen poisoning is a tissue anoxia (the so called 
hyperoxic anoxia) has been discussed by Bean (3). Several mechanisms 
are conceivable to explain this anoxia: (1) an inactivation by high oxygen 
pressures of oxidative enzymatic systems; (2) loss of the dual function of 
hemoglobin. As previously discussed (1) the blood is thereby sh’ghtly 
modified from the normal state; i.e., the pH is 0.02 to 0.04 lower, and the 
partial pressure of the blood CO 2 is 4 to 8 mm. of Hg higher. These cir- 
cumstances are assumed to be peculiarly favorable for the toxic action of 
oxygen; (3) creation at capillary w'alls by some mechanism not known of 
an impermeaible barrier so that, despite a high partial pressure of oxygen 
in the capillary blood, oxygen cannot difi^use into the cells. 

We have no evidence on the last of these alternatives, but our experiments 
are clearly against the first tw'o. When brain tissue from normal animals 
W'as exposed to high oxygen pressures, there was no rapid reduction in 
oxygen uptake. Nor was there any rapid change in the respiratory' 
quotient or deci'ease in the oxidation of carbohydrate. We emphasize 
strongly that the reduction in oxygen uptake which was observed, in com- 
parison to the symptoms of the intact animal, developed slowly. In fact 
it was not apparent to a measurable degree in the time required to produce vio- 
lent convulsions, collapse, and death in the animal. Decrease of oxygen up- 
take under high oxygen pressure of tissues other than brain, as will be shown 
in the accompanying paper, develops even more slowly. In other words, 
the observed metabolic changes are subacute as distinguished from the acute 
general poisoning. Our experiments on the intact animal killed by Wgh 
oxygen pressure showed that the brain tissue, when subsequently e.xamined 
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included. The results are in accord with our experience TYith high oxygen 
in the absence of COi; i.c., the COi output (and hence the o.xygen uptake) 
■was only sh'ghtl}' affected by high pressures of oxygen -f COj during the 
1 hour’s e.xposure. There is no indication that the presence of CO 2 over a 
considerable range of pressure resulting in a wide range of pH enhanced 
the toxic action of the oxygen. 


DISCUSSION 

O.xygen at 8 atmospheres produces definite toxic effects quickly in rate, 
culminating in convulsions within 15 minutes. Death uniformly occuis if 
the e.xposure is continued 15 minutes more. Obtiously, the processes re- 
sulting in death are verj' rapid. Up to a certain stage, how'ever, they are 
reveraible because, even after convulsions, many animals recover completely 
following decompression. The facts and implications must be bora'e in 
mind when the result of in vitro study of tissues under high o.xygen pressure 
is examined. 

Gross autopsy findings were confined to hemorrhagic patches of intestines 
and lungs. However, it cannot be stated that important pathologica! 
changes do not occur in the brain under high o.xygen pressure, since detailed 
I histological studies have not been completed. 

The insignificant reduction in the rate of oxj’gen uptake of brain slices 
from animals killed by high oxygen pressure is difficult to reconcile with 
the severe symptoms and death of the animal. Several e-xplanations are 
conceivable: (1) Some toxic substance is formed bj’ the action of high 
oxygen pressure per sc, the precursor being some normal metabolite. (2) 
Some essential factor is oxidized by oxygen per sc, the oxidized product 
being deprived of its essential action. In these two alternatives enzyme 
systems do not enter. (3) An enzyme sy'stem is poisoned in such a way that 
its normal function is disarrangpd so as to produce a to.xic substance, pre- 
sumably from some normal metabolite. (4) Some enzymatic system pro 
dueing a factor essential to normal coordination of central nervous unc 
tion is peculiarly susceptible to high oxygen pressure. In consequence 1 is 
rapidly inhibited, the essential factor is not produced, and the tram 0 
symptoms and death result. , 

It is impossible from present knowledge to decide among w 

tives. Preliminary experiments in which blood from^ animals 
high oxygen pressure was injected into normal rats failed ^ 
first or third hypothesis. However, the po.ssibility that the jjj 

toxic substance might rapidly revert to a non-toric form mus e 
mind, since our e.xperiments did not eliminate this possibi ity- »- 
is given to the fourth alternative by the fact that some enzj mes 



STADIE, RIGGS, AND HAUGAARD 


207 


SUMMARY 

1. Toxic effects developed rapidly in rats exposed to 8 atmospheres of 
o^gen and culimnated in convulsions. Practically all animals exposed for 

minutes died, either during exposure or within a few hours after decom- 
pression. 

2. Up to a certain point, oxygen poisoning was completely reversible, for 
11 decompressed relatively early even after severe convulsions many animals 
recovered. 

•nf ’ ^topsy finings were hemorrhagic patches in the lungs and 
d examination of the brain showed no changes. 

■ ^ slices of brain from animals killed by high oxygen pressure 

owe no significant changes in total oxygen uptake or r.q. when these 
i oxyin determined by the Warburg technique at 1 atmosphere 


5- Similar preparations of brain slices and homogenates from normal 
nma were exposed in a preliminary period to high oxygen pressures and 
sequen% observed in the Warbuig apparatus at 1 atmosphere of 
"ygen.^ There was found a steadily decreasing rate of o.xygen uptake in 
tioT f pressure of oxygen and the time of exposure. The inhibi- 

0 rain metaboh’sm by high oxygen was similar with glucose, fructose, 
pyruvate, or lactate as substrate. 

6. Similar findings were obtained when normal tissue was observed at 
a mospheres of oxygen. The initial rate of oxygen uptake was halved in 
PProxunately 1 hour. The time required for appreciable reduction in rate 

oxygen uptake was far greater than for the production of serious symp- 
nis, convulsions, and death when intact animals are subjected to the same 
oxygen pressure. 

7. Brain slices subjected to relatively high pressures of CO 2 (up to 107 
. ot Hg) m addition to 8 atmospheres of oxygen were no more susceptible 

poisoning than those e.xposed to 8 atmospheres of oxj'gen alone. 

■ . 00 metabolism of brain in vitro although diminished was not altered 

predominantly carbohydrate character by high oxj'gen pressures. 

■ to reverse the lowered o.xj'gen uptake of brain tissue poi- 
soned by high oxygen pressures by early return to 1 atmosphere failed. 

• The rate of o.xj'gen uptake of brain tissue in vitro at 1 atmosphere of 
o.xygen was not affected by 7 additional atmospheres of nitrogen or helium. 

1. On the basis of our findings the diwsion of oxygen poisoning into an 
acute and subacute phase is discussed. It was concluded that generalized 
issue anoxia is not the cause of acute oxj’gen poisoning. 

12. To e.xplain the marked discrepancj’ between the apparently normal 
metabolic function of brain and the severe sjTnptoms and death of animals 
m the acute phase of oxygen poisom'ng, alternative hypotheses are discussed. 
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IV. THE EFFECT OF HIGH OXYGEN PRESSURES UPON THE METABOLISM 
OF LIVER, KIDNEY, LUNG, AND MUSCLE TISSUE* 

By WILLIAM C. STADIE, BENJAMIN C. RIGGS, a.nd NIELS HAUGAARD 

{From the John Herr ilusser Department of Research Medicine, University 
of Pennsylvania, Philadelphia) 

(Received for publication. May 23, 1945) 

Since the time of Bert the possibility that the poisonous action of high 
pressures of oxygen is due to the inhibitory action of oxygen upon the oxi- 
dative enzyme systems of tissues has been extensively discussed (1, 2). 
The number of direct observations in the literature of the metabolism of 
tissue under high oxygen pressure is, however, quite limited. IVe have 
studied the subject by determining the oxygen uptake of tissue preparations 
in vitro by the Warburg technique. By use of an apparatus previously 
described (3) it is possible to measure the oxygen uptake and CO 2 output of 
tissues when they are equilibrated with 8 atmospheres of ox 3 'gen. In 
Paper III (“4) data from experiments with rat brain have been presented. 
In this paper we present further data of similar character on isolated sundv- 
ing liver, kidney, lung, and muscle tissue of the rat. 

The technique of the preparation of tissues, equilibration, etc., are fully 

discussed elsewhere (4). 

Liver — In a series of eighteen control determinations of the oxj'gen up- 
take of liver slices from normal, fed white rats a mean value of /O ± 4 
micromoles per gm. per hour over a period of time from 0.5 to 5.5 hours 
was found. The mean b.q. (thirteen determinations) was 0.72 ± 0.024. 
An important fact to be noted is that the oxygen uptake did not depart 
significantly from rectilinearity for 5.5 hours. When the o.xwgen uptake 
of liver slices was measured during exposure to oxygen pressures from 5.0 
to 8.4 atmospheres, the results recorded in Table I were found. 

For better intercomparison the results are reported as percentages of the 
rate of oxygen uptake of slices from the same liver at 1 atmosphere of 
oxygen. T\vo points are established bj' inspection of the mean of the series. 
(1) The rate during the 1st hour did not differ significanth' from that at 
1 atmosphere. (2) As in the case of the brain, the rate of oxygen uptake 
fell slowlj' and steadilj' during exposure. However, the rate has reached 
50 per cent of the control rate only after 3.5 hours, as opposed to 1 hour in 

* The work described in this paper was done under a contract, recommended b\ the 
Committee on ^Icdical Research, between the Office of Scientific Research an c 
vclopment and the University of Pennsylvania. 
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the case of the brain. After 3.5 hours the fall is slower. The respiratory 
quotient is not significantly different from that of the controls. 

Table I 

Oxygen Uptake and Respiratory Quotients of Liver Slices from Normal Fed Wistar 
Rats during Exposure of Slices to High Oxygen Pressure 


The oxygen uptakes are expressed as percentages of the uptake of parallel slices 
from the same livers observed simultaneously at 1.0 atmosphere of pOj, except as 
indicated. Zero time is taken as the moment Oj pressure reached a maximum. 


Experj* 

mentNo, 


Exposure time 

■ 

#0, 

1.0 hr. 

IJShrs. 

2Jihn. 

|2.Shn.|3Bhn. 

,| 3.5hTS,j 4X)hrs, 

. 5.0 hrs 

, 1 6.0 brs 




Ozysen opUke, per cent of controls 

■ 


II 

o 











94A-1 

5.0 

133 

119 

106 

100 

98 

83 

72 

52 

31 


94A-3 

6.2 

85 

68 

84 

78 







94A-2 

6.4 

149 

149 

149 

149 







94A-4 

6.6 

94 

64 

41 

30 

23 








129 

114 

85 

68 

53 






94A-5 

6.S 

127 

108 

83 










100 

67 

58 

45 

33 

25 





94A.7 

7.2 

129 









0.85 



129 

100 

70 







0.80 



108 

lOS 

87 

69 

45 





0.92 

94A-6 

7.3 

103 

103 

103 

71 






0.48 



103 

103 

103 

64 

57 

50 

43 




94A-9 

8.0 

103 












114 












106 












123 









0.50 

96-3 

8.3 

136 









94A-8 

8.4 

160 









0.96 



118 

118 










120 

100 

75 







0.81 



143 

143 

125 

98 






0.84 



116 

116 

91 

80 

66 

57 

48 



0.70 


119 

105 

90 

77 

54 

54 

54 

52 

31 

0.76 

± standard 










error 

of 







10 



0.06 

mean | 

4 

6 

7 

8 

9 

12 



— 


Some of the rates of oxj^gen uptake during the 1st hour are higher t an 
those of the control series. However, we do not believe that this sig™ 
a real increase in metabolic oxygen, but was due to a . 

was eliminated in later experiments. It was found (3) that exce 
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amounts of rubber connections in the apparatus took up in physical solution 
appreciable amounts of oxygen at high pressure. When this source of error 
was eliminated by glass to glass connections, the oxygen was the same as 
that under 1 atmosphere (Experiment 94A-9). 

This experience was universal with all tissues studied; we have never 
been able, when the above source of error was minimized or eliminated,^ to 
demonstrate conclusively any significant increase of oxygen uptake during 
the initial period of observation under high oxygen pressures. If such 
occurs, it must be less than 10 to 15 per cent of the total oxygen uptake, 
otherwise it would have been detected. However, it requires 2 minutes 
to raise the pressure in the apparatus and readings cannot be rnade until 
physical solution of oxygen in the medium is complete (apprommately 8 
minutes more); hence the possibility that there is a significaiit increase o 
oxygen uptake during this time carmot be rigorously excluded. If sue an 
increase occurs, it must be of short duration so that it dc«s not affect te 
rate 10 to 15 minutes from the time the maximum pressure is reached, ihe 
significance of the point lies in the possibility that reactions absent or 
mum at 1 atmosphere of oxygen might be greatly accelerated under high 

oxygen pressures and be concerned with oxygen poisomng. j v . 

In general, the same comment made for the brain slices can be ma e ere . 
though there is a definite effect by high oxygen pressures on the oxygen 
uptake of Uver sUces, its extent is negligible until long after the tune re- 
quired to extinguish the last signs of life in the intact anima un er sum ar 
conditions. , 

Kidney — In preliminary experiments kidney slices from rats w ere expose 
to high oxygen pressure, and then the oxygen uptake ineasured with o.xygen 
at 1 atmosphere. In general relatively long preliminary exposures we 
required to reduce the oxygen uptake sigmficantly. Wit o.xygen a 
atmospheres, exposure for 1, 2, and 3 hours resulted in a subsequen oxj g 
uptake, compared to controls maintained throughout at 1 atmosp ere. 


70, 50, and 35 per cent respectively. . 

When the oxygen uptake of kidney slices was measured duMg e.xp^re 

to high oxygen pressures, the data shoira in Table II were o n . 

the exception of one experiment (No. 94C-11) the remits 
consistent. In general, the sensitix'itj’’ of the kidney shoes g • . 
lies midway between that of brain and liver, and again it is seen 
falling off in respiration takes place chiefly long after t e in ^ 
would have succumbed. The mean k.Q. value is not sigm can j 


from that obsenmd at 1 atmosphere. . , 

Lrtngs — Mongrel dogs were used after prolonged exposure 


atmosphere of oxygen. 

It is well known that animals exposed for long periods to 


atmosphere 

\ 
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of oxygen develop marked pulmonary symptoms and die as a result. The 
marked edema and patchj' hemorrhage found in such animals have been 
described by many obser\-ers since the first reports of Bert. On account of 
their obiious interest ive studied the metabolism of slices from the lungs 
of five dogs which had been kept in a chamber containing 0.8 to 1.0 atmos- 


Table II 

Oxygen Uptake and licspiralory Quotients of Kidney Slices from Kormal Fed Wislar 
Hals during Exposure of Slices to High Oxygen Pressure 


The oxygen uptakes are expressed as percentages of the uptake of parallel slices 
from the same kidnej’s observed simultaneously at 1 .0 atmosphere of pOt except as 
indicated. Zero time is taken as the moment Oj pressure reached a maximum. 


Experi» 
ment Ko. 


Exposure time 

B 

0.S hr. 

1.0 hr. 

1.5 hrs. 



3.0 hrs. 

AJU hrs. 


aimespheres 





gg 




94C-1 

6.4 

151 

151 

151 






94C-2 

S.2 

100 

88 

72 

so 


20 



94C-3 

5.6 

100 

87 

65 

56 

48 

33 

15 


94C-4 

5.8 

115 

69 

50 








143 

84 

63 

50 

38 

29 



94C-5 

5.3 


103 

94 

80 





94C-6 

6.0 

103 

103 

59 

44 

32 

24 


0.63 

94C-7 

7.2 

84 

84 

42 

32 

23 

16 


0.61 



84 

84 

42 





0.54 

94C-8 

8.0 

139 

117 

69 

57 

42 






116 

104 

69 

60 





94C-9 

7.7 

127 

127 






0.53 



131 

131 

102 

82 




0.68 



131 

131 

102 

82 

61 . 

51 


0.65 

94C-10 

8.6 

121 

74 

64 





0.79 

94C-n 

8.0 

41 

31 









40 

29 









65 

48 









61 

45 






— — 

Total mean ± 









standard error 









of mean 

103 ± 8 

90 ± 8 

CO 

■H 

59 ± 6 

39 ± 4 

29 ± 3 

15 




phere of oxygen from 48 to 116 hours, and which were sacrificed before 
death. 1 In all cases the oxygen uptake of the slices was determine a 
atmosphere of oxygen. 

All results are expressed on a dry weight basis to avoid error 

1 We are indebted to Dr. John Lockwood of the Harrison 
Surgery, University of Pennsylvania, who supplied and treated these arum 
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parison -with normal animals, since the variable amount of lung edema in 
me experimental animals precluded comparison on a wet weight basis. 
Nineteen determinations on lung shces from normal mongrel dogs gave a 
mean oxygen uptake of 131 ±3 micromoles per gm. of dry weight per hour. 
The mean e.q. was 0.83 ± 0.02. The data on dogs exposed to oxygen are 


Table III 

Oxygen Uptake and Respiratory Quotients of Slices of Lung from Mongrel Dogs Exposed 
to Moderate Pressure of Oxygen 


Dog No. 

Oxygen 

Exposure 

Dry weight 
to wet weight 
ratio 

O 2 uptake 

K.Q. 

917 

almospkert 

hrs. 

ptf cent of 
control 

micromoles per 
dry gm. per hr. 


0.8 

48 

82 

159 


921 

0.8 

48 

66 

125 


0.8 

48 

76 

lOS 

0.73 

926 

0.8 

48 

83 

128 

0.72 

619 

1.0 

116 

78 

181 

0.82 

Mean ± standard error of mean 

140 i: 15 

0.75 ± 0.04 


Table IV 

Oxygen Uptake and Respiratory Quotients at 1 Atmosphere of Oxygen of Slices of Lung 
from Normal Fed White Rats following Exposure of Slices to 
High Oxygen Pressures 


Owgen pressure, 
preliminary period 

Exposure time 

Subsequent oxygen 
uptake 

Per cent of control 
rate 

a.Q. 

otmospheres 


micromoles per dry 





gm. per hr. 



2.2 

2 

271 

114 




269 

109 


4.2 

1 

292 

99 1 

1 



212 

73 

1 

4.2 

2 

207 

82 




231 

93 


6.9 

1 

217 

93 




233 

81 


6.9 

2 

170 

61 

0.S2 



167 

55 

0.87 


&ven in Table III. In all cases, the lungs showed the tj^iical patch}' 
hemorrhage and edema, the latter being reflected in a decreased dr}' weight 
to wet weight ratio. However, on the average, there was found no signifi- 
cant change in the oxygen uptake or the r.q. On the basis of these e.xperi- 
ments it is possible to exclude any specific effect of prolonged e.xposures 
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Fig. 1. Oxygen uptake (micromoles per do’ Em.) of slices of lung from normal 
white rat during exposure to 8 atmospheres of oxygen. 

OxsjinUi^aX* 

ftneUt/Ortm 



"Tlmt, minutes 

Fig. 2. 0.\ygen uptake (micromoles per wet gm.) of diaphragm from white ra 
during exposure to S atmospheres of oxygen. 

to oxygen at pressures approximating 1 atmosphere causing signifi<®“* 
decreases of the metabolic activity of pulmonary tissue. 
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rats were used in twenty-two control determinations on the oxygen 
uptake of slices of lungs; the mean value was 289 ± 3 micromoles per dry 
gm. per hour and the r.q. was 0.94 ± 0.01. The oxygen uptake (corres- 
ponding to a Qo, of 6.5) is surprisingly high, considering the histological 
character of the lung, which would lead one to suppose that the organs 
contain little metabolically active tissue. The high r.q. also indicates a 
predominantly carbohydrate type of metabolism. In a preliminar}’’ series 
lung slices were exposed to high oxygen pressures for 1 or 2 hours, the oxy- 
gen uptake being subsequently measured at 1 atmosphere. The data 
(Table IV) show, as vith other tissues, that exposure up to 1 hour at 6.9 
atmospheres has relatively little effect upon the subsequent metabolism. 
Nor is the r.q. significantly affected. In experiments in which the oxygen 
uptake was measured during exposure to high oxj^gen pressure essentiall}' 
the same results were obtained. Fig. 1 shows the course of oxygen uptake 
of rat lung slices at 8 atmospheres of oxygen. As repeatedlj' observed with 
other organs, the rate of oxygen uptake remains unchanged for a period 
of time approximating 1 hour, after which it falls off slowly, reaching half 
the initial rate in about 2 hours. 

Muscle — ^The oxygen uptake of striated muscle (rat diaphragm) was 
measured during exposure to 8 atmospheres of oxygen (Fig. 2). ^ Muscle is 
more reastant to oxygen poisoning than all other tissues examined. T e 
initial rate under high oxygen pressure is not sigmficantly different from 
that under 1 atmosphere. It falls off slowly, reaching half the initial rate 
in about 3 hours. 


DISCUSSION 

The tissuqs of the rat which have been examined are slowlj poisoned by 
high pressures of oxygen. In the course of a relatively long time, cona er 
ing the high pressures used, the oxj'gen uptake bepns to fall off an 
tually ceases. The organs may be arranged roughly in a descending order 
of susceptibility to high oxygen pressure; viz., brain, kidnej, 
muscle. We have repeatedly made the point, however, that the loss ol 
metabolic activity develops slowly and for that reason we ha\e cone u c 
that it plays little or no r61e in the acute phase of oxj’gen poisomng or le 
early death of intact experimental animals. Supports e ew ence (w us 
conclusion is found in our e.xperiments on dogs exposed for long pen s o 
time to 1 atmosphere of oxygen. Despite the marked pulmonarj c 
W’hich in comparable animals leads eventuallj’ to death, we o 
significant change of the metabolic activitj’ of lung slices. The si^ 
of these findings to the problem of oxj’gen poisoning has been fu j iscus. 
in Paper III (4). 
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SUMMARY 

1. The effect of high oxygen pressures on the metabolism of slices of 
liver, kidney, lung, and muscle was determined. 

2. The relation of these findings to the problem of oxygen poisoning 
is discussed. 
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THE INDOPHENOL-XYLENE EXTRACTION METHOD FOR 
ASCORBIC ACID AND MODIFICATIONS FOR 
INTERFERING SUBSTANCES* 

By WILLARD B. ROBINSON and ELMER STOTZ 
(From the New York Slate Agricultural Experiment Station, Cornell University, Geneva) 

(Received for publication, April 6, 1945) 

There is no lack of methods for the determination of ascorbic acid, but 
none gives any great assurance of specificity. The indophenol reduction 
methods are probably the simplest, and these have been checked vith ani- 
mal assays for a number of fresh and cooked vegetables. The most gener- 
ally adopted indophenol method has been that of Bessey (1), a method in 
which the excess dye is measured by photoelectric means, thereby offering 
a greater degree of objectivity than nith the titration procedure. Provi- 
sions are made for correction of color and turbidity in the tissue filtrates and 
for substances which reduce the dye more slowly than ascorbic acid. With 
certain products, particularly fruits, the color of the blank may be several 
times that of the dye, leading to inaccuracies in the color measurements. 
From a practical standpoint, the need of two photoelectric measurements 
for each determination, and the time and care required for immediate read- 
ings and observation of possible “drifts” due to other reducing substances, 
are excessive when large numbers of determinations must be made. Some 
of these disadvantages have been eliminated by use of the principle de- 
scribed by Bukatsch (2) who noted that the excess d.xidized dye may be 
extracted with xylene, and methods employing this principle have been 
described by Stotz (3) and Pepkowitz (4). 

None of these methods, however, offers the desired specificity in the pres- 
ence of a variety of other reducing substances which may occur in various 
heated, stored, and processed foods. Such non-ascorbic acid reducing sub- 
stances include stannous and ferrous salts, sulfite, sulfhydryl compounds, 
reductic acid, and the reductones. Some of these, particularly the reduc- 
tones, are most difficult to distinguish from ascorbic acid. Le\T (5) has 
proposed the use of peroxide to eliminate sulfite interference. To account 
for reductones, Mapson (6) and Snow and Zilva (7) have de\’ised metho^ 
which in principle involve condensation of the ascorbic acid, but not of t e 
reductones, mth formaldehyde. The use of the dinitrophenylhydrazine 
procedure of Roe and Kuether (8) and Roe and Oesterling (9), although 
eliminating some of the reducing materials, introduces other tj'pes of inter- 
fering substances. 

• Journal Paper No. 624, New York State Agricultural E-rperiment Station, Cornell 
University, Geneva, New York. 
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In tills paper, an improved indophenol-xylene extraction method is de- 
scribed, and pieroxide and formaldehyde modifications are presented ■which 
minimize the interference due to reduced tin and iron, sulfite, and reduc- 
tones. Tills increase in specificity has been made possible ivithout unduly 
complicating the routine usefulness of the method. Applications of the 
method to selected food products are given, and the extent of interference 
by thiol and quinol compounds is recorded. The basic method described 
and its modifications have been found satisfactory' and cdnvenient in this 
laboratory for the past year in the routine analy'sis of foods, particularly 
highly' colored products, and those containing significant proportions of 
non-ascorbic acid reducing materials. We have noted sufficient instances 
of food products containing large proportions of non-ascorbic acid reducing 
substances so that ive now consider it essential to apply' regularly the pro- 
cedures described, especially nith food products which have been subjected 
to long heat treatments or extensive storage, before accepting ralues 
obtained by an unmodified indophenol method. 


Procedure 


Reagents — 

Acetate buffer, pH 4.0. Mix 1 liter of 50 per cent sodium acetate (NaAc 
3HjO) and 1 liter of glacial acetic acid. 

Dye. Dissolve 25 mg. of 2,6-dichlorobenzenone indophenol in 200 ml. 
of warm distilled water, and filter. The solution keeps in the refrigerator 
for at least 2 weeks. 

Xylene. Unless specifically' tested for suitability, this should be redis- 
tilled (see “Testing of method”). (ISastman Kodak technical grade has 
been found satisfactory if distilled.) Xy'lene used in the method may be 
recovered by being shaken uith a 20 per cent solution of sodium hy'dro.dde 
to neutralize acetic acid, and redistillation. 

Peroxide, 3 per cent. Dilute 30 per cent c.p. hy'drogen peroxide 10- 
fold. Prepare weekly'. 

Formaldehyde, technical grade, 40 per cent solution. 

Hydroqidnone. Add an equal volume of acetone to a saturat^ soli^n 
of hydroquinone in acetone, to obtain a half saturated solution. 
must be prepared fresh before use. _ , 

The specific methods described apply to extracts of 
n-ith fresh 2 per cent metaphosphoric acid in 1 w sulfuric acid. e 
other ty'pes of acid extractions are employed, the analyst should . 

dilution of the acetate buffer to obtain a final pH of 3.6 to 3.8 m e 


nethod and its modifications. . .i,pfher 

With each new product to be analyzed, it should be determine v 
the basic method (Procedure A) may be employed, either 
1 hydroquinone blank, or ivhether the pero.xide modification (. 
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B) or formaldehyde modification (Procedure C) should be used. To 
determine whether the acid filtrate contains pigments which are extracted 
by .xylene, the basic method (Procedure A) is applied to the filtrate %vithout 
the addition of dye, and the xylene extract examined for color. Filtration 
of the extract through a fairly retentive paper (Whatman No. 2) usually 
removes the finely suspended particles containing carotene which occur 
with some products, and which otherwise result in slightly yellow xylene 
extracts. We have thus far encountered xylene-soluble pigments onlj' 
in the filtrates of certain food products subjected to long heating, which 
then required the hydroquinone blank described under Procedure A. In 
such cases the quantity of pigment extracted depended on the time of shak- 
ing; hence the hydroquinone decoloration procedure was considered more 
accurate than to employ a blank without the dye, as suggested by Pepko- 
witz (4). 

If the product is known to contain sulfite as a preservative, or to contain 
iron or tin from long storage in cans, the peroxide modification (Procedure 
B) may be routinely used with httle extra trouble. Possible interference 
by tin or iron can be detected by a comparison of the results of applying 
Procedures A and B on the same sample. A similar comparison of results 
vith the basic method (Procedure A) and the formaldehyde modification 
(Procedure C) will determine whether reductones are present in appreciable 
amounts. The latter may occur commonly in various processed and stored 
food products (see Table II), but much less frequently in fresh products. 

Proof of the applicability and limitations of these methods, with mixtures 
of ascorbic acid and the various interfering materials, is given under “Test- 
.ing of method.” 

Basic Method, Procedure A — A 1 to 5 mi. sample of acid filtrate, contain- 
ing 0.02 to 0.15 mg. of ascorbic acid, is placed in a 150 X 18 mm. test-tube. 
An equal volume of acetate buffer is added (this is sufficient to adjust 6 
per cent HPO3 or 2 per cent HPOj in 1 n H;S0< to pH 3.6 to 3.8), followed 
immediately by 2 ml. of dye and complete mixing; 10 ml. of x'j'lene are at 
once added, a cork is inserted, and the tube is shaken vigorously for 6 to 
10 seconds to extract the excess dye. A second tube (“total dye”) to 
determine the amount of dye added is prepared bj" the same treatment of a 
volume of extracting medium equiTOlent to the sample employed in the 
determination. A standard tube is likewise prepared which contains 0.100 
mg. of ascorbic acid in the same volume of extracting medium, bpon 
completion of a series, the tubes are centrifuged briefly to separate the 
layers sharply, and the top xx'lene layers are poured off or withdrawm and 
measured in a suitable photoelectric instrument at 500 ma or with a filter 
w'hich transmits maximally at this wave-length. Xylene solvent is used .os 
n reference sample. 

Since ascorbic acid may be quite unstable after addition of buffer of 
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pH 4.0, and e.vcessively long contact with the dj^e pemiits the reaction of 
slower reducing substances to become appreciable, it is essential to add 
buffer, dye, and xylene in rapid succession. The time required for com- 
plete interaction of ascorbic acid and dye elapses during the mixing of 
reactants and addition of xylene. In a series of determinations, the opera- 
tion upon each tube is therefore completed through the lylene stage before 
proceeding with the successive sample of acid filtrate. 

If preliminarj'' tests show that xylene removes color from the acetate- 
buffered tissue extract, then an additional operation is required with the 
sample tube. After the first reading, 2 drops of hydroquinone (in ace- 
tone) are added to the .xylene e.x-tract and mixed. The orange color due to 
the excess dye is bleached within 30 seconds, after wliich a second reading 
is taken to measure the blank due to the tissue e.xtract. If the xylene layers 
are transferred to a single cuvette for the photoelectric measurements, it is 
adxdsable to read a complete series, then to return the xylene la3’ers to 
the original tubes, and to add hj'droquinone to the whole series before 
reading the tissue blanks. This eliminates the possibility of hydroquinone 
from one sample contaminating a successive one containing djT in the 
xylene layer. 

Peroxide Modificalion, Procedure B — ^To eliminate the reducing action 
of sulfite or reduced iron and tin, peroxide is added prior to the dye. For 
this purpose, a volume of 3 per cent hydrogen peroxide equal to the acetate- 
buffered extract, or a smaller volume of more concentrated peroxide suffi- 
cient to result in a 1.5 per cent solution, is added just before the dj'e. The 
remainder of the determination folloxvs as in the basic method. Total 
dye and standard tubes are prepared as previously described, containing 
a total volume before dye addition equivalent to that of the sample tube. 

Formaldehyde Modification, Procedure C — To correct for the action of 
reductones, the reducing action of ascorbic acid is selectively abolished by 
interaction with formaldehyde at pH 3.6 to 3.8 for 10 minutes. In practice, 
two tubes are required for the determination. The first, Tube 1, contains 
the selected volume of tissue filtrate; the second. Tube 2, containing the 
same volume of filtrate, receives an equal volume of acetate buffer, followed 
by a half volume of 40 per cent forraaldelyde (c.g. 2 ml. of sample, 2 ml. o 
buffer, 1 ml. of formaldehyde) to give an 8 per cent formaldehyde solutira. 
The tubes are allowed to stand at room temperature for 10 minutes, 
the end of this period, Tube 1 receives its volume of acetate buffer an a 
half volume of water to yield a volume equivalent to that of Tube 2. 
ml. of dye are then added to each tube, mixed, and the excess dye extrac e 
with 10 ml. of xylene. The difference between the amounts of ds'e reduc 
in the two tubes represents the true ascorbic acid. 
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Neither peroxide nor formaldehyde affects the stability of the dye in the 
xylene layer. 

Calculations 

Dye Equivalent — ^The amount of dye equivalent to a standard amount 
of ascorbic acid must be determined for the particular instrument and 
colorimeter tubes employed, and should be checked frequently. Amounts 
of dye present in the .xylene e.xtract are conveniently e.xpressed as the log 
lo/I (absorption) at 500 ran. Should the instrument invariably be set at 
100 (7o) with xylene solvent, then log 7o/7 may also be e.xpressed as 2 
minus log 7, where 7 is the per cent transmission of the sample tube. The 
dye equivalent of ascorbic acid may be calculated from the total dye and 
standard tubes as follows: 

0.1 mg. ascorbic acid = log 7i)//tot»idye — log le/I.uaiai 
0.1 mg. ascorbic acid = A log.uodud 

A log,tandard rangcs from 0.290 to 0.330 vith the instruments employed 
in this laboratory. 

For Basic Method and Peroxide Modification — The dye used by the ascor- 
bic acid in the ‘sample is 

(1) A logtvople = log /o//toU]dye *“ log Itl/IumpU 

The amount of ascorbic acid in the sample tube is then 


( 2 ) 


0.1 mg. 


A logsjunpl* 
A logiUpdard 


Provided 7o is always 100, a simple graph may be utilized by plotting 
per cent transmission (on a logarithmic scale) against mg. of ascorbic acid 
(on a linear scale). A straight line is drawn between the points 0 ascorbic 
acid-per cent transmission of the total dye tube and 0.1 mg. of ascor- 
bic acid-per cent transmission of the standard tube. Transmissions of 
sample tubes may then be converted to ascorbic acid values directly 
from the graph. 

If hydroquinone is emplo 3 ’^ed in the basic method, then log lo/Itxapu 
in Equation 1 must be replaced bj' 

log /o/^tiaple — log /o//hriJroQTHBOB» Wei£b«j 
For Formaldehyde Modificalion — 

(3) A logtoUlr.doc.i>t«ol»l»i!c«« = l 0 g/«//toUddy. — lOg A/ZtoU 1 

(4) A logrrinrtppct = log/d/Ztcoddr. — log 

(5) A logucprblcacid = log ~ log I 
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From each A log value, the mg. of material (expressed as ascorbic acid) 
can be calculated by use of Equation 2. 

Tesling of Method 

Basic Method — The principle of the ba.sic method, namely the complete 
extraction of the o.xidized dye by X5'lene, has been adequate^’’ tested bj' 
Bukatsch (2), Stotz (3), and Pepkonitz (4). 2<^elson and Somers’ noted 
that the color of the xj'leno la 3 'er maj' increase on standing (dye o.xidation) 
with some samples of solvent. It is therefore important either to test the 
suitability of the sample of xylene emploj'ed, or to redistil routinelj’ the 
xylene as recommended in this paper. The finding of a linear relation 
between the log of absorption of the d\’e in .xylene and the amount of 
ascorbic acid has been repeatcdlj’ confirmed in this laboratory. The use 
of the basic method permits the anafysis of extracts of such highly colored 
food materials as beet, client’, i-aspberrj', and grape, rrithout resort to 
expensive and time-consuming electrometric methods. 

Peroxide Modification — Sulfite is able to reduce the d\'e under the condi- 
tions of the test, and tliis maj' occur in sulfite-treated foods in amounts 
which affect the accuracy of the method. In the peroxide modification of 
the titrimetric procedure employed bj’ Le\y (o), an error may arise owing 
, to oxidation of the reduced dj’e bj* the peroxide. The end-point may vary 
- according to the speed of the titration. The pero.xide technique is particu- 
y lari}’' adapted to the .xylene method, owing to the short contact of the 
dye with peroxide. 

Reduced tin or iron also acts like ascorbic acid in dye reduction methods, 
and may occur in canned products, particularly acid products stored for 
considerable periods. Some of the increases in ascorbic acid noted on 
storage in cans maj' actuallj' arise from the contamination with iron or 
tin. 

Table I illustrates the interference caused by iron, tin, and sulfite, and 
the correction effected by the simple pero.xide modification. 

Formaldehyde Modification — Some fresh products, but particularly 
products which have undergone extensive heat treatment or long storage, 
may contain substances collecthmly termed reductones. It has been 
difficult to distinguish these from ascorbic acid, even bj' enzymatic means. 
Although these substances hax’e not been identified chemically, it seems 
probable that they resemble the glucose-amine tj^pe of compound rather 
than the reductones produced by the action of alkali on sugars or the re- 
ductic acid formed in the reaction of pentoses and strong acid (10). 

Mapson (6) has observed that formaldehyde condenses with ascorbic 
acid to form a complex that no longer reduces the indophenol dye. Snorv 

1 Xelson, W. L., and Somers, G. F., personal communication. 
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and Zilva (7) have made a careful study of the rate of formaldehyde conden- 
sation wth var 3 dng concentrations. Their experiments showed that at pH 
3.5, with an 8 per cent formaldeh 3 ’de concentration, the ascorbic acid was 
almost entirely combined, while reductones and reductic acid were only 15 
and 5 per cent combined, respectively. These methods involve procedures 
not readily amenable to routine analysis. Our study of the formaldehj’de 
reaction ivith regard to time and pH led to the simple adaptation recom- 
mended in this paper. 

As shoum in Table II, a significant proportion of the reductones, reductic 
acid, and glucose-amine complex, artificially prepared, still acts like ascorbic 
acid in the formaldehyde modification. On the other hand, the naturallj’ 
occurring reductones of stored dehydrated cabbage appear to be more 
sharply distinguished from ascorbic acid in their relation uith formaldehj'de. 

Table I 

Interference Caused by Reduced Iron, Tin, and Sulfite, and Its Correction by Peroxide 

{Procedure B) 


0.10 mg. of ascorbic acid in each tube. 


Interfering material 

Molar ratio of material 
to ascorbic acid 

Procedure A. ‘‘ascorbic 
acid" 

Procedure B. ascorbic 
acid 

i 



m: 

None 



0 100 

F6-r+ 

1:1 


0 099 


1:1 

0.121 

0 101 

Sn++ 

1:1 

0.104 

0 100 


20:1 

0.117 

0 09S 

sor 

10:1 

0.114 

0 100 


25:1 

0 134 

0 09S 


100:1 

0.205 

0 099 


one sample of which showed no combination nith formaldehj'de. Until 
the exact nature of the non-ascorbic acid reducing materials is recognized 
in different products, it cannot be claimed that the formaldehj'de modifica- 
tion described offers an exact analj'tical discrimination between these 
materials and ascorbic acid. Nevertheless the procedure proi'ides a closer 
approximation of the true vitamin value, and has provided us vith a much 
greater assurance that our analj'ses represent true ascorbic acid. 

Table II also illustrates the great discrepancies that maj' rc.=ult from the 
conventional dj'e reduction analj'sis of several food products, and the 
more nearlj' correct values obtained bj' the formaldehj'de modification. 
It is ad\'ised that food products be first tested bj’ the formaldehj'de m i- 
fication to determine the possible presence of sigmficant amounts of non 
ascorbic acid reducing materials before adopting a simple dj'e titration or 
the basic method of this paper. 
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Other Interfering Substances — ^There remain other substances which may 
be encountered in the analysis of foods for which no adequate corrections 
are available, or for which specialized methods are necessary, Cj^steine 
and reduced glutathione, at an equimolar concentration ivith ascorbic 
acid, increase the ascorbic acid result by 7 to 9 per cent, and at a 10; 1 molar 
concentration bj' 40 to 50 per cent. These sulfhydryl compounds, like 
ascorbic acid, condense uith formaldehyde at pH 3.6 to 3.8, but, if known 
to be present in interfering concentrations, can be eliminated by formalde- 
hyde condensation at pH 0.6 (6). At the latter pH, these compounds 


Table II 

Interference Caused hy Reducloncs and Related Compounds, Correction hy Formaldehyde 
{Procedure C), and Illustrative Applications 


Material 

Apparent ascorbic acid 
(no formaldehyde) 

Ascorbic acid (with 
formaldehyde 
modi&cation} 

Ascorbic acid 

mg.ferJOO grt, 

5.0 

rtg. ftt 100 gm 

5.0 

Synthetic reductone solution (ll)* 

24.0 

8.4 

Reductio acid solution (12) 

1.0 

0.30 

Glucosamine complcxf 

3.2 

0 35 

Dehydrated cabbage, light color 

139 

131 

dark “ 

71 

0 

<1 H H 

60 

4.2 

Blackberry jelly 

6.2 

1.8 

Guava-mix " 

20 6 

14.6 

Apple-raspberrj’ juice, 0° storage 

1 1 

0 

« « 3-0 .. 

2.8 

0 17 

Apple juice . . 

1. 1 

0.18 

Grapefruit juice 

28.1 

28 0 

Sauerkraut “ . ... 

16 4 

13 5 


* The figures in parentheses represent bibliographic reference numbers, 
t Prepared by warm storage of a solution containing glucose, glycine, phosp a e, 


and malic acid. 


condense tvith formaldehyde; ascorbic acid does not. Thiourea, addition 
of which has been suggested to prevent darkening of fruits (13), does no 


interfere at a molar ratio of 10:1. j n d o- 

In the commonly used hydrogen sulfide reduction method for deny 
ascorbic acid, it is knotvn that the quinols and sulfhydryl 
formed may interfere with the dye reduction method. As quino 
we have tested catechol, tannic acid, pyrogallol, and hydroqmnone. 
chol, at a 100:1 molar ratio wth ascorbic acid, and tannic acid, a 
cause insignificant errors; pyrogallol and hydroquinone, at ^ 

25 to 50 per cent increases in the ascorbic acid values. Unfortunately their 
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rate of reaction with the dye depends on the amount of ascorbic 
acid present. No suitable means have been found to correct for the error 
due to these substances. 


SUMMARY 

1. A rapid, accurate indophenol-xylene extraction method for the deter- 
mination of ascorbic acid in common and highly colored food products 
has been described. 

2. Interference by artificially prepared reductone and reductic acid has 
been largely eliminated. Normally occurring non-ascorbic acid reducing 
material, at least that in dehydrated cabbage, appeared to be completely 
differentiated from ascorbic acid by formaldehyde. 

3. The extent of interference from sulfhydryl and quinol compounds is 
discussed. 
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AND RAT LIVERS* 
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AND GEORGE R. SHARPLESS 
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(Received for publication, June 18, 1945) 

Lipids are essential cellular components and in combination with pro- 
teins are basic materials in the architecture of the cell (2) . They are knoivn 
to be especially important in the structure of cell membranes (3) and are 
‘ present in such cytoplasmic constituents as the mitochondria and sub- 
microscopic particulate lipoprotein complexes (4). Their presence in the 
cell nucleus, although long in doubt, has been established recently b}’ 
analysis of isolated cell nuclei (5-7). 

The nuclear lipids have special significance in view of the indications 
(5) that their functional role is structural rather than metabolic. V ith 
the availability of a suitable method for separating the nucleus from the 
cell cytoplasm and the establishment of lipids as nuclear components it 
became possible to investigate the differential distribution of the lipids 
present in the cell nucleus. 


EXPERIMENTAL 

Cell nuclei were isolated by the method of Dounce (6) from the livers 
of normal dogs, normal rats, and rats fed an experimental diet containing 
butter yellow (p-dimethylaminoazobenzene). This isolation procedure 
consists essentially in rapidly adding the sample (100 to 150 gm.) of frozen 
liver to a Waring blendor containing cracked ice in distilled water plus 
citric acid to adjust the pH to between 6.0 and 0.2. .After blending to break 
the cell membranes, the material is strained through cheese-cloth and the 
intact cell nuclei isolated by differential centrifugation and sedimentation. 
The purity of the nuclear preparations was checked by microscopic exami- 
nation. After isolation, the samples of cell nuclei were dried from the 
frozen state under a vacuum (ciy’ochem). Comparable .sample'- of the 
whole liver tissue were also dried by the same method (S). 

The dried material iras extracted with hot ethanol, followed In cth\I 
ether. The final extract, combined, represented approximately a 3.1 

• Read by title before the .American Institute of Nutrition at the annual mectinc 
scheduled for Cleveland, Jtay S-10, 1945 (1). 
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mixture of alcohol-ether and was analyzed for total phosphorus, choline, 
sphingomyelin, total and free cholesterol, galactose, and acetone-soluble 
glycerol, by previously published methods (9). From these analyses, 
total phospholipid, choline phospholipid, cephalin, lecithin, cholesterol 
esters, cerebrosides, and neutral fat were calculated (10). 

The lipid competition of the preparations of isolated ceU nuclei and of 
comparable samples of whole liver tissue are given in Table I. The dis- 
tribution pattern of the lipid components is given in Table II. 

Dog Liver — ^The main differences between the lipid composition of the 
nuclei and that of the whole, liver tissue are in the neutral fat and phos- 
pholipid portions. The nuclei contain 4.6 per cent (dry weight basis) 
neutral fat in comparison with 6.92 per cent in the w hole cell. In contrast. 


Table I 

Ltpid Composilton of Whole Liver Tissue and Liver Cell Nuclei 


The values are in per cent of drj' weight 


s. 

Dog hver* normal 

Rat liver 

Normal 

1 Tumorous 

\\ hole 
tissue 

Nuclei 

\UoIe 

tissue 

Nuclei 

Uhole 

tissue 

Nuclei 

** 

Total lipid 

17 18 

16 54 

15 22 

18 13 

22 73 

14 67 

Neutral fat 

G 92 

4 60 

4 13 

4 18 

11 66 

4 41 

Essential lipid 

10 26 

11 94 

11 09 

13 95 

11 07 

10 26 

Cerebroside 

0 

0 

0 33 

0 

0 72 

0 29 

Free cholesterol 

0 12 

0 18 

0 37 

0 36 

1 14 

0 64 

Cholesterol esters 

0 95 

1 02 

2 01 

1 14 

1 IS 

2 04 

Phospholipid 

9 19 

10 74 

8 38 

12 45 

8 06 

7 29 

Cephalin 

3 47 

2 87 

2 15 

3 38 

3 34 

2 28 

Lecithin 

5 29 

7 37 

6 80 

8 71 

4 23 

4 43 

Sphingomyelin 

0 43 

0 50 

0 43 

0 36 

0 49 

0 58 


the nuclei contain a larger concentration of phosphoUpid (10 74 per cent) 
than the whole liver tissue (9.19 percent). Likewise, the essential lipid 
(10) (total lipid minus the variable or storage lipid fraction, neutral fat) 
is higher in the nuclei. 

The essential lipid fraction, which is comprised of those lipids important 
in cellular structure, phospholipid and cholesterol, makes up approximately 
three-fourths of the total lipid of the nucleus (72 per cent). Pbrthermore, 
90 per cent of the essential lipid is phospholipid, of which over two-thirds 
isthelecitliin type and less than 5 per cent is the sphingomyelin type o 
phospholipid. No cerebroside was detected in the dog liver. 

Normal Rat Liver—The results on the normal rat liver show even more 
striking differences in the lipid composition of the nuclei and the wno 
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liver cell than were found for the dog liver. The nucleus contains approxi- 
mately 14 per cent essential lipid (dry basis) as compared to 11.09 per cent 
for the whole liver tissue. As noted for dog nuclei, "90 per cent of the 
essential lipid content of the rat liver nuclei is phospholipid, of which 70 
per cent is lecithin and only 3 per cent is sphingomyelin. Apparently, 
the neutral fat is about equally distributed, since both the vhole tissue 
and the nuclei contained 4 per cent of this component. Likewise, free 
cholesterol occurs in similar concentration in both the cell cytoplasm and 
nucleus. However, the nuclei contained only half as much (1.14 per cent) 
cholesterol ester as did the whole liver tissue (2.01 per cent). Although 

Table II 


Percentage Liptd Dislnbulion 



1 



Rat liter 





Normal 

1 Tumorous 


Whole 

tissue 

Nuclei 

Whole 

tissue 

Nuclei 

Whole 

tissue 

Nuclei 

Per cent of total lipid 






30 

Neutral fat 

40 

28 

27 


51 

Essential lipid 

60 

72 

73 


49 

70 

Per cent of essential lipid 






2 8 

Cerebroside 

0 

0 

3 0 

0 

6 5 

Free cholesterol 

1 2 

1 5 

3 3 

liM 

10 3 

6 2 
fO 9 

Cholesterol esters 

9 2 

8 5 

18 1 


10 4 

Phospholipid 

89 6 

90 0 

75 6 

89 2 

72 8 

71 1 

Per cent of total phospholipid 


1 



41 4 

31.3 

Cephalin 

37 7 

26 7 

25 7 

27 1 

Lecithin 

57 6 

68 6 

69 2 

70 0 

52 5 

1 60 8 

Sphingomyelin 

4 7 

4 7 

5 1 

2 9 

0 1 

7 9 


the rat liver contained a small amount of cerebroside (0.33 per cent), 
none could be detected in the nuclei. 

Tumorous Rat Laver — The whole liver tissue from rats vith tumors 
(hepatomas and adenocarcinomas (11)) produced by feeding p-dimcthjl- 
aminoazobenzene shoved a much greater total lipid concentration f^an 
did the nuclei isolated from the same tissue. This elevated total lipid is 
largely the result of an increased concentration of neutral fat in the tumor- 
ous liver. The nuclei contained 4.41 per cent neutral fat, which is onlj 
slightly higher than that found in normal rat liver nuclei (4. IS per cent). 
The tumorous whole liver tissue, however, contained 11. 6G per cent neutral 
fat. 

The tumorous liver cell nuclei shoved marked alteration in esK^itial 
lipid content and the distribution of the components comprising this par- 
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ticular fraction. Not onl}' the concentration of the essential lipid but that 
of both the phospholipid and free cholesterol was less concentrated in the 
nuclei than in the whole cell. On the other hand, cholesterol esters were 
twice as concentrated in the nuclei (2.04 per cent) as in the whole tissue 
(1.15 per cent). The whole tumorous liver tissue contained a relatively 
high content of cerebroside (0.72 per cent) and, in contrast to the normal 
cell nuclei in which no cerebroside was detected, the tumorous liver cell 
nuclei, contained 0.29 per cent cerebroside on the dry weight basis. As 
a result of these marked changes in concentration, the essential or struc- 
tural lipid pattern of the nuclei was greatly altered from that of the normal. 
Approximately 20 per cent of the essential lipid was cholesterol esters, 
whereas only 71.1 per cent was phospholipid. 

DISCUSSION 

It seems apparent that, in general, the lipid pattern of the normal liver 
cell nucleus is similar to that of whole liver tissue. This is particularly 
true of the dog liver preparations. The significant differences appear to 
be quantitative rather than qualitative. 

The nuclei from the normal livers of both tlie dog and rat have signifi- 
cantly greater amounts of phospholipid than the whole liver cell. In fact, 
iO per cent of the essential lipid of the nucleus is phospholipid. Further- 
. 'more, in contrast to the composition reported for other types of cell nuclei 
(musele, muscle tumor, and pus (5)), the major portion of the phospho- 
lipid is lecithin and cephalin (95 to 97 per cent), the lecithin fraction alone 
comprising 70 per cent. 

In view of the supposedly structural r61e of the lipids in the nucleus 
it is surprising to find such a high content of the metabolic t 3 q)e, 
neutral fat, present. The nucleus contains between 4 and 5 per cent 
neutral fat and although the whole rat liver tissue contains a similar pro- 
portion of triglyceride, that in the nuclei is not merely a reflection of the 
whole tissue, as is shown by the results on the dog and tumorous livers. 
The dog liver tissue had nearly 7 per cent neutral fat and the tumorous 
liver, 11.7 per cent. 

This study gives evidence of the profound changes a pathological con- 
dition produces in cellular structure, reflected by alterations in the lipid 
pattern, and confirms previous investigations of a similar nature (2). The 
striking changes showm by the tumorous cell nuclei are the greatly reduced 
concentration of phospholipid and the increased amount of cholesterol 
ester. Both alterations indicate tissue degeneration, according to the wor 
of Bloor and his school (2, 12, 13) . This is also in line with the observations 
that the enzyme-synthesizing activity of neoplasm chromosomes 
(14) and that the actmty of most enzymes found in hepatomas induced J 
butter yellow is less than that of normal liver tissue (15). 
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One further notable change from normal in the lipid composition of 
abnormal nuclei is the presence of cerebrosides in the tumorous cell nuclei. 
It is difficult to assess the significance of this until further studies are com- 
pleted. 

Although the total lipid content of the tumorous rat liver is over one- 
third higher than normal, one is impressed with the similar amounts of 
essential lipid, 11.09 in the normal and 11.07 per cent in the tumorous 
tissue. This, together ■\vith other relationships (the higher concentration 
of phospholipid in normal nuclei than in whole tissue, the relatively low 
concentration of phospholipid in the abnormal nuclei, the slightly lower 
concentration of phospholipid in the ivhole tumorous liver than in the 
normal liver, and the fact that most of the lipid present is phospholipid) has 
raised the question of whether the pathological changes, particularly 
■with respect to phospholipid, occur primarily in the nucleus. It cannot 
be answered directly until it is possible, experimentally, to isolate cell 
nuclei quantitatively from the whole tissue. However, a rough estimation 
can be attempted at this time, based on the data of Marshak (16), who 
determined the ratio between the volume of the liver cell nucleus and total 
cell volume by microscopic measurement and found it to be approximately 
6 : 100 . 

Assuming, therefore, that 6 per cent of the liver is nuclei, from Table I, 
100 gm. of rat liver contain 8.38 gm. of phospholipid, and 6 gm. of nuclei. 
6 gm. of nuclei (12.45 per cent phospholipid) would contain 0.75 gm. of 
phospholipid; therefore, 8.38 - 0.75 = 7.63 gm. of phospholipid present 
in the remainder of the cell (94 gm.) and (7.63/94) X 100 = 8.12 
per cent phospholipid present in the cell cytoplasm. 

A similar calculation for the tumorous rat liver yields a value of 8.11 
per cent phospholipid for the tumorous cell c}'toplasm. 

If the above assumption, based on the measured ratio between the 
volumes of nucleus and cell, is valid, the calculations indicate that the 
pathological derangement in the phospholipid content of the liver cell, 
produced by the administration of p-dimethylaminoazobenzene (butter 
yellow). Occurs in the nuclei. 


SUMMARY 

The lipid (phosphoUpid (cephalin, lecithin, and sphingomyelin), free and 
combined cholesterol, cerebroside, and neutral fat) distribution vas de- 
termined in cell nuclei isolated from the livers of normal dogs, normal 
rats, and rats fed butter yellow (p-dimethylaminoazobenzene), and in 
comparable samples of the whole liver tissue. 

Although the lipid pattern of the liver cell nucleus is qu 3 litati\el\ simi- 
lar to that of the whole liver tissue, it appears to be significantly different 
quantitatively. The essential or structural t\-pe of lipids comprise 12 to 14 
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per cent of the drj* weight of the nucleus, or approximatelj' three-quarters 
of the total lipid content. 90 per cent of the essential lipid is phospholipid 
of which less than 5 per cent is sphingomyelin. The pathological condition 
which occurs in the liver after feeding butter yellow apparently produces a 
significant change in the structure of the liver cell, indicated by alterations 
in the lipid pattern. The nuclei isolated from the tumorous liver cells ex- 
hibit a greatly reduced concentration of phospholipid and an increased 
amount of cholesterol ester. Calculations indicated that the patholo^cal 
(butter yellow tumor) derangement of the phospholipid content of the liver 
cell occurs' primarily in the nucleus. 

The implications of these results from one pathological anomaly suggest 
a need for studies on other types of conditions involifing cellular structure 
and function. 
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It is now well established that the easily hydrolyzable phosphorus frac- 
tion, particularly adenyl pyrophosphate, plays an important role in the 
tissue transfer of energy (1). This compound continuously donates phos- 
phoric acid radicals to other metabolites, and hence requires continuous 
^ resynthesis. For this resynthesis molecular oxygen is essential. One 
might therefore anticipate that under conditions of ano.xia this resynthesis 
would be impaired, and hence the content of easily hydrolyzable phosphorus 
would be diminished. The chain of events resulting from such inhibited 
resynthesis of easily hydrolyzable phosphorus might contribute consider- 
ably to the general pathological consequences of tissue anoxia. 

It was our purpose to determine whether a diminution in the content of 
easily hydrolyzable phosphorus could actually be demonstrated to result 
from anoxia and, if so, what might be done to overcome this effect of low 
0X3'gen tension. 

In the experiments reported below it is demonstrated that anoxia pro- 
duces a sharp decrease in the content of easily hj'’drol3'zable phosphorus in 
rat organs. We had earlier found that some of the effects of ano.xia on the 
intact organism could be prevented b3’' the pre'ious administration of 
C3doehrome c (2). We therefore attempted to determine whether cyto- 
chrome c would likewise prevent this decrease in the content of casil3' 
h3’drolyzable phosphorus. 

Methods 

The following methods were emplo3'ed. The easil3’ h3'drol3’zable fraction 
was determined according to the procedure of Lohmann (3). The organs 
of decapitated animals were weighed on the anshdical balance immediateh’ 
after death, transferred to a small beaker containing 5 cc. of ice-cold 5 per 
cent trichloroacetic acid, coarsel3' minced with scissors, and then homogen- 
ized. The suspension was returned to the beaker and anx' particles adher- 

* This work was done with the aid of grants from Brewer and Company, Inc., and 
the Charlton Fund. 

t tVe wish to acknowledge the technical assistance of Mrs. Bella Wadlcr. 
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ing to the walls of the homogenizer were transferred to the beaker by rinang 
■with 5 cc. of 5 per cent trichloroacetic acid. In convenient aliquots of the 
clear trichloroacetic acid filtrate, phosphorus determinations were carried 
out according to the method of Fiske and Subbarow (4) directly and after 
7 and 30 minutes hydrolysis in n sulfuric acid. 

According to Lohmann (3), these values after hydrolysis for 7 minutes 
represent the content of the easily hydrolyzable phosphorus of the adenyl 
pyrophosphates. Kerr (5) recommended a hydrolysis time of 15 minutes 
for this purpose. The assumption that the figures represent adenyl pyro- 
phosphate is based largely on studies dealing with striated muscle. In 



Hjrdroljjij Curves of the Acid Soluble Phosphorus 
Fraction of Various Tissues 

A- Kidney 

B-Heart 

C- Striated Muscles 
Fig. 1 

order to check the validity of this interpretation as related to heart muscle 
and kidney tissue, ive determined hydroly^sis cun-es on these two organs. 
These curves showed a definite break between 7 (or 15) and 30 minutes, as 
shown in Fig. 1 . Therefore, one may conclude that the error caused by the 
hydrolysis of other phosphoric esters is of a similar order of magnitude to 
that in striated muscle. On this basis we have assumed that the phos- 
phorus values in our experiments recorded below represent largely the eas y 
hydrolyzable phosphorus of adenyl pyrophosphate. The ° 

cytochrome c used for the injections were prepared from beef heart aeco 
ing to the method of Keilin and Hartree (6). 
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Treatment of Animals — ^In all experiments on anoxic animals, there anses 
the problem of properly defining the condition of anoxia. Ano.xia is a bio- 
logical phenomenon; hence, the effective threshold of the oxygen concen- 
tration and the time over which it is applied will vary in individual animals. 

In order to overcome these difficulties, the experiments were carried out 
on groups of rats obtained on the same day from the same source. All rats 
of such a group were of the same age and weight, although not always from 
one litter. They were raised and maintained under the same conditions. 

When an experiment was carried out, a group of rats was anesthetized 
TOth ether, and one-half of the number of animals was injected intrave- 
nously \vith 5 mg. of C3d;oclirome c. 10 minutes after the injection, all ani- 
mals were placed in a chamber in which an atmosphere of 3 per cent 
oxygen and 97 per cent nitrogen was maintained by a continuous flow of the 
gas mixture. Since "we had found in preliminary experiments that umn- 
jeeted rats usually would not survive these conditions much longer than 5 
minutes, the animals were sacrificed after 5 minutes. 

It must be admitted that, even under such comparable conditions, the 
physiological effects of a lack of oxygen may vary in the indiridual animals. 
In fact, we observed gasping in a few control animals (not in any of the 
injected animals), even before the expiration of the 5 minutes. These non- 
injected animate were sacrificed just before the expiration of the S ininute 
period when it was evident that they would not survive the full period. If 
any errors were introduced by such a shortening of the period of ano.xia, it 
would be in the direction of diminishing the effect of the ano.xia in the non- 
injected animals, and hence would make the effect of the cytochrome c less 
striking than otherwise. Actually there was no sigmficant difference in the 
findings in these few animals and, even if these findings were discarded, the 
general results of our experiments would remain the same. There cjm e 
no doubt about the correctness of the inference that the great majoritv o 
the animals had reached an advanced stage of ano.xia when the 3 ' were sacri- 
ficed. Our observ'ation that some control animals began gasping 
before the 5 minute period had expired can onlj' be considered as a corro o 
ration of this conclusion. The fact that in only one of the uninjected 
animals rmder anoxia were adenjd pyrophosphate figures observe ap- 
proaching the av’’erage values under normal conditions prov es t at e 
experimental conditions applied in this inv'estigation were sufficiently sev ere 
to justify the assumption that consistent differences observed between t le 
injected and control animals were caused by' the cytochrome injection rat cr 
than by any possible accidental variations in the degrees of anoxia. 

Since requirements of the chemical analysis permitted the use o o y a 
small number of animals in each group, a statistical treatment of the 
obtained in the single groups would not be possible. For this reason, e 
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division into groups has been omitted in the presentation of our results in 
Table I. 

There was no significant difference in activity in the control and injected 
rats during the period of anoxia. 


Table 1 

Effect of Anoxia Alone and after Intravenous Injection of Cytochrome c on Easily 
Hydrolyzable Phosphorus Fraetion in Heart and Kidney of Rats 


The results are expressed in mg. of easily hydrolyzable P in 100 gm. of fresh tissue. 


Experiment No. 

' Heart 

Kidney 

Normal 

animala 

Animab 
in 3 per cent 
Of 

AnimaU in 3 
per cent Ot 
fttter injec- 
tion olSm^. 
cytochrome e 

Normal 

animals 

Animab 
in 3 per ceni 
Of 

Animals in 3 
per cent Of 
t after injec- 
UonofSmg 
cytochrome c 

1 

19.9 

6.1 

12.9 

9.7 

4.r 

8.2 

2 

14.5 

3.4 

14.7 

8.2 

5.3 

7.5 

3 

1C. 8 

8.4 

7.4 

12.3 

3 9 

7.5 

4 

6.4 

7.3 

13.1 

7.6 

3.8 

2.2 

5 

19.3 

6.7 

10.4 

6.7 

3.8 

6 0 

0 

6.4 

3.7 

10.5 

6.1 

4.4 

6.1 

7* 

8.6 

8.4 

10.6 

6.1 

2.5 

3.2 

8 

14.9 

11.0 

12.2 

7.5 

6.6 


9 

10.9 

5.4 

16.9 

6.5 

3.8 

5.4 

10 

13.1 

9.2 

13.3 

7.2 

3.1 

6.3 

11 

10.5 

9.2 

13.0 

7.5 

5.3 


12 

18.9 

8.8 


6.8 

4.7 

6.6 

13 

18 7 

8.8 


9.9 



14 

14.7 

5.1 

1 

8.4 

3.5 


15 

14.8 

5.1 


9.4 

3.7 


16 

15.3 



9.3 

3.4 


17 

15 3 



5.5 

3.5 


18 

10.9 



7.8 

3.7 


19 




3.6 

3.6 







1.8 


21 








Average 

14.2 

7.1 

12.1 

7.6 

3.8 

6.1 

Probable devia- 







tion from av- 






0.36 

erage 

0.73 

0.38 

0.44 

0.195 

0.155 


Results 

Table I shows (a) the contents of easily hydrolyzable phosphorus 
in hearts and kidneys of normal rats, (6) the content after 5 minu e 
anoxia, and (c) the content after 5 minutes of anoxia when 5 mg. o y 
chrome c had been previously injected intravenously. 
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It is evident in the first place that a sharp reduction of the easily hydro- 
lyzable phosphorus fraction results from anoxia, and secondly that this 
reduction can be largely prevented by the previous administration of cyto- 
chrome c. Incidentally, we found that the previous injection of adenyl 
pyrophosphate had no such effect. The average value for the normal heart 
is 14.2 mg. per cent and for the normal kidney 7.6 mg. per cent. The 
average values in those organs after anoxia are 7.1 and 3.8 mg. per cent 
respectively. The average value in the organs of cytochrome c-treated 
animals after anoxia is 12.1 mg. per cent in the heart and 6.1 mg. per cent 
in the kidney. 

It can be seen from Table I that the differences in the normal and anoxic 
organs on the one hand and the anoxic and c3d;ochrome c-treated organs on 
the other hand are suflSciently striking to be well outside the range of acci- 
dental deviations. This is confirmed by statistical analysis, the results of 
which are recorded in Table I. 


DISCUSSION 

The easily hydrolyzable phosphorus fraction is known to consist of sub- 
stances which participate in cell metabolism with a considerable rate o 
turnover. The organ content of this fraction must therefore be co^dere 
to be the result of a dynamic equilibrium. Our findings tend to indica 
that this equilibrium is easily influenced by anoxia. _ 

It has been shoivn in enzyme experiments in tniro that the esis o 

adenyl pyrophosphate is coupled ivith oxidative proces^s (7).^ e re., 
of our experiments suggest that this situation obtains in the inta^ am 
as well. The exact mechanism by which cytochrome c prevents the deple- 
tion of the reserves of the easily hydrolyzable phosphorus fraction resu ing 
from ano.xia is not known. One possible explanation is that tea e 
cytochrome c is capable of maintaining the rate of oxidatii e processes a a 
sufficiently high level so as to achieve an almost normal degree of resjmthesis 

of adenyl pyrophosphate, despite the anoxia. 

The possibmty of thus employing cytochrome c parenterally to onset 
some of the harmful effects of the chemical changes resulting rom anoxia i 
obiious. We have in fact been able to demonstrate that a num r o c im 
cal effects of anoxia can be thus prevented (2). 

SXJIOLAJIT 

1. The content of the eaaly hy’drolyzable phosphorus fraction of the 

hearts and kidneys of normal rats was determined und^ con on o 
normal and low oxygen tension. Under low oxygen tension, ere as 
shaip decrease in the content of this fraction. _ _ 

2. This decrease could be largely prevented by the prenous in r3\ en 

injection of cyriochrome c. 



238 


EASILT HYDnOLYZABLE PHOSPHORUS 


BIBUOQRAPHY 

1. Lipmann, F., in Nord, F. F., and Werkman, C. H., Advances in enzymology and 

related subjects, Kew York, 1, 99 (1941). 

2. Progcr, S., Bull. New England Med. Center, 7, 1 (1946). 

3. Lohmann, K., Biochem. Z., 233, 4G0 (1931). 

4. Fiske, C. H., and Subbarow, y., J". Biol. Cliem., 66, 375 (1925). 

5. Kerr, S. E., J. Biol. Chem., 146, 647 (1942). 

6. Ecilin, D., and Hartree, C. F., Proc. Roy. Soe. London, Series B, 122, 298 (1937). 

7. Kalckar, H., Ensi/molo5ia,6, 209 (1939). 


A NOTE ON THE ELECTROPHORETIC PROPERTIES OF 
DENATURED SERUM ALBUMIN 

Bt FRANK W. PUTNAM and HANS NEURATH 

(From the Department of Biochemistry, Duke University School of Medicine, 
Durham, North Carolina) 

(Received for publication, June 11, 1945) 

When horse or beef serum alb umin is denatured by concentrated solutions 
of urea or guanidine hydrochloride, and the denaturing agent is subse- 
quently removed by dialysis, two products of widely different phj'sico- 
chemical properties are obtained (1, 2). One of these, designated as “ap- 
parently reversibly denatured” or “regenerated” serum albumin, resembles 
the native protein in solubiUty, in molecular size and shape, and in electro- 
phoretic behavior (2, 3), but differs in crj'stalUzing ability and susceptibility 
to tryptic hydrolysis (2, 4). The other fraction, believed to represent truly 
“irreversibly denatured” albumin, is highly insoluble at the isoelectric point 
and was found to be polydisperse when dissolved in neutral solution (pH 
7.1). The high viscosity exhibited in acidic solutions (pH 4), as well as 
retarded and anomalous diffusion, precluded a determination of its molecu- 
lar kinetic properties (1). Analogous findings have been observed with the 
products obtained after denaturation by concentrated urea solutions of 
horse serum pseudoglobulin GI (4-6). 

In view of the molecular heterogeneity of aqueous solutions of irrever- 
sibly denatured serum albumin, obtained after denaturation by urea or 
guanidine hydrochloride as well as after denaturation by heat (7), it was 
deemed of interest to investigate the electrophoretic properties of a repre- 
sentative fraction. Crystalline, carbohydrate-free beef albumin' was 
chosen because of its standardized properties and the greater amount of 
irreversibly denatured fraction it jdelds (2) as compared to co'stalline horse 
serum albumin. 

A 2 per cent solution of beef serum albumin was denatured by 6 m guani- 
dine hydrochloride.* After standing for 48 hours at room temperature, 
prehminarj' separation of the soluble regenerated and the fworly soluble 
irreversibly denatured fractions was carried out bj* romoaung the denaturant 

' Obtained through the courtesy of Dr. E. J. Cohn, Department of Physical Chem- 
istry-, Harvard hfedical School, and Dr. H. B. Vickery. The preparation vas made 
under a contract, recommended by the Committee on Medical Research, bc-ncen the 
Office of Scientific Research and Development and Harvard L niversity 

’ A solution of 9 per cent beef albumin in S m guanidine hydrochloride at pif < -4, 
on standing overnight at room temperature, sets to a stiff gel distributed ihro-jg.)o..t 
trith threads of denatured protein. 
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bj' dialysis and heating the suspension at pH 5.25 at 41° for 30 minutes. 
After centrifugation, electrophoretic analysis of the clear supernatant solu- 
tion was made in a veronal-NaCl buffer, pH 7.6, m = 0.1 (0.03 m sodium 
veronal, 0.07 M NaCl), Muth the apparatus and technique preriously de- 
scribed (C). 

It was found that the initially homogeneous albumin (Fig. 1, Experiment 
1) was now about equally distributed between two components (Fig. 1, 
Experiment 2), one of these having nearly the same mobility as the native 
protein, whereas the mobility of the other one was less. 



Fia. 1. Electrophoretic patterns of native, irreversibly denatured, and regenerated 

beef serum albumin. For the conditions of Experiments 1 to 6 and identification of 
components, see tlie text and Table I. For each experiment, the right-hand diagram 
represents the descending pattern, the left-hand diagram the ascending pattern. 
The arrows indicate the direction of migration. 

Fractional precipitation of the proteins of this solution with ammonium 
sulfate, at pH 4.8, yielded two products, one precipitating upon addition o 
the solid salt up to a concentration of 2.0 m, the other one precipitating 
between 2.0 and 2.35 m. Electrophoretic analysis revealed the less solub e 
fraction to consist predominantly of the slower component (Fig. !> Expen 
ment 3), whereas the more soluble fraction is composed almost wholly o a 
component having the mobility of the native albumin (Fig. 1, B.xperimen 
4). The mobility values are given in Table I. 

In order to determine the electrophoretic properties of the irreversi T 
denatured fraction, the precipitate obtained in the prelirninaiy ion 

upon heating of the salt-free solutions at 41° was washed mth distilled wa 
and dissolved by the addition of 0.5 n NaOH to pH 7.8. After reprecipm- 
tion by readjustment to pH 5.25, with HCl, the precipitate was again 
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solved at pH 7.8, yielding a highly viscous, opalescent solution. 
Electrophoresis revealed a single, sharp boundary of essentially the same 
mobility as that of the slow moving, less soluble fraction described above 
(Fig. 1, Experiment 5, Table I). Photographs of the boundaries, taken 
after more than 15 hours standing with the current off, indicated an 
extremely slow rate of diffusion (Fig. 1, Experiment 6). 

The component ■with the higher mobility (6.4 X 10"® sq. cm. per second 
per volt) is believed to represent regenerated albumin. This deduction is 
made in analogy with the beha'vior of whole beef albumin which, on regen- 
eration after denaturation by guanidine hydrochloride (but not by urea), 
exhibits the same mobility as the native protein, though differing somewhat 


Table I 

Electrophoretic Analysis of Native, Irreversibly Denatured, and Regenerated Beef 

Serum Albumin* 


Experiment 


Time 

Mobility, t 10“‘ sq. cm. volt** 
sec."* 

No. 


Denatured 

Native or 
regenerated 

1 

Native 

sec. 

14,580 


-6.42 

2 

Supernatant, unfractionated 

14,580 

-5.49 

-6.33 

3 

“ 1st fraction 


-5.54 

-6.40 

4 

“ 2nd “ 



5 

Isoelectrio ppt. 


-5.37 



* All experiments were performed at 1“ in a veronal-NaCl buffer, pH 7.6, p = 0.1 
(0.03 M sodium veronal, 0.07 M NaCl), at a constant field strength varying from ex- 
periment to experiment between 5,55 and 5.64 volt per cm. 


t Data for descending boundary only. 

in molecular kinetic properties and ease of tryptic hydrolysis (2). Since 
the slow component obtained by fractional precipitation from mixtures has 
the same mobility as the protein solution prepared from the isoelectric 
precipitate, it may be identified as irreversiblj' denatured albumin. 

It is of interest that the presence of two components, one of low er mobi itj 
(denatured), the other of mobilitj- exceeding that of the native protein (re- 
generated ?), has also been observed upon heating horse serum albumin 
(7), though the quantitative distribution was found to depend great > on 
ionic strength. Moreover, a change occurs in the electrophoretic pattern 
of both horse serum albumin (8) and hen’s egg albumin on aging^). n 
originally electrically homogeneous horse serum albumin, aging produces a 
second component of lowered electric mobility and diffusion constant, t us 
change being accelerated by heating (8). Likewise, the ratio o c tuo 
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components of freshly prepared hen's egg albumin is altered with age, con- 
version to a soluble, crystallizable, slow moving component being complete 
on prolonged standing (9). 

The present study shows that, although denaturation of serum albumin 
(as of many other proteins (10)) may lead to an over-all increase in molecu- 
lar kinetic heterogeneity, it is possible to isolate the irreversibly denatured 
product in an clcctrophoreticallj' homogeneous form. It is recognized that 
denaturation may produce small changes in amphoteric properties of pro- 
teins, as revealed by an alkaline shift of the isoelectric point, pH-mobility 
curves, and titration data (10). The available evidence suggests that these 
changes result from the liberation of paired acidic and basic groups upon 
the rupture of structure-determining hydrogen bonds and that the resultant 
change in molecular configuration allows for a spatial redistribution of polar 
groups with exposure of non-polar residues. The recognized tendency of 
denatured proteins towards aggregation is in accord ndth these views. 

This work has been carried out with the support of the Rockefeller Foun- 
dation, the I/ederle Laboratories, Inc., and the Duke University Research 
Council. 


SUMMARY 

Electrophoretic analj’sis has been made on the products obtained after 
removal of the denaturing agent from solutions of crystalline beef albumin 
in 6 M guanidine hydrochloride. It is shown that isolation of the irrever- 
sibly denatured protein, either by ammonium sulfate fractionation or by 
isoelectric precipitation, yields electrophoretically homogeneous material, 
characterized by retarded electric mobility and diffusion rate. The relation 
of the observed components to regenerated and irreversibly^ denatured pro- 
tein is discussed. 
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THE VERATRINE ALEALOIDS 


XXIV. THE OCTAHYDROPYRROCOLINE RING SYSTEM OF THE TER- 
TIARY BASES. CONVERSION OF SARSASAPOGENIN TO A SOLANIDINE 

DERIVATIVE 

By FREDERICK C. UHLE and WALTER A. JACOBS 
{From the Laboratories of The Rockefeller Institute for Medical Research, New York) 

(Received for publication, June 12, 1945) 

The Solanum and Veralrum alkaloids have been sho-wn to be steroid or, 
possibly in the case of certain individual veratrine bases, modified steroid 
derivatives, in which the heterocyclic portion of the molecule has been 
assumed to involve the usual isooctyl side chain (1). These alkaloids fall 
into the two groups of secondary and tertiarj'- bases, both of which give the 
characteristic 2-ethyl-5-methylpyridine on dehydrogenation. Since the 
postulated structures for these substances have been inferred entirely 
from transformation and degradation experiments, from the fbmation of 
digitonides, and from physical measurements (2), the present investiga- 
tion was undertaken in an attempt to obtain direct evidence by partial 
synthetic procedures. 



A promising starting material for this purpose was thought to be cer- 
tam naturally occurring steroid sapogenins, such as sarsasapogenin. The 
formula (I) for the latter substance suggests a possible manner in which 
the steroid alkaloids could be built up, for if the oxygen atoms of the dis- 
tinctive spiroketal side chain were replaced by a nitrogen atom, the sug- 
gested structure (II) for solanidine, for example, would result. In the 
experiments herein reported, it has been possible to convert sarsasapogenin 
^ directly to the stereochemically corresponding dihydrosolanidine. 
his substance has recently been described under the name allosolan- 
1 anol-(3^) by Prelog and Szpilfogel, who have prepared the four stereoiso- 
meric dihydrosolanidines with the cis and trans configurations of Ring? 
- and B of both the 3a(OH) and 3|3(OH) series. This definitely establishes 
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the structure (11) for solanidine, and since the veratrine alkaloids give the 
same basic degradation product, 2-ethyl-5-methylpyrjdine, and, in general, 
are structurally analogous to solanidine, the formulation of the heterocyclic 
portion of the molecule in the tertiary bases of the veratrine series as an 
octahydropyrrocoline derivative may be considered quite certain. 

The starting point for the transformation of the sapogenin to the alka- 
loid series was the diketo acid, sarsasapogenoic acid, obtained by the 
oxidation of sarsasapogenin acetate with chromic acid in acetic acid solu- 
tion (3). Sarsasapogenoic acid dioxime (III) was hydrogenated nith 
platinum oxide in a methanol-acetic acid solution. From the ampholjte 
fraction of the complex mixture of reduction products a secondary amino 
acid of structure (IV) was isolated. This substance gave an N-niimo 



derivative. The amino acid lactamized readily when heated to give t e 
neutral lactam (V). The lactam grouping proved to be stable to reduction 
with sodium and butanol, with phosphorus and hydriodic acid, and m 
copper chromite and hydrogen at elevated temperature and pres^re. 
However, it was readily reduced to the tertiary amine with an active p a i 
num oxide catalyst in dilute hydrochloric acid in methanol 
lactam (V) when submitted to hydrogenation under the latter con i lo^ 
gave a tertiary base which was shown to be identical with 
(3i6) (VI). The latter W'as prepared from solanidine, according to ^ 
and Szpilfogel. by oxidation -with aluminum tertiary butoxide, ioUove 
reduction of the unsaturated ketone rvith platinized Kaney’s me 'e , 
subsequent separation of the epimers with digitonin (5). Wen i y 
confirmed by comparison of the corresponding acetates. ^ 

In another approach to the problem of the conversion of a sap g 
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the nitrogenous derivatives, begun simultaneously mth the above work, 
the hydrogenation of crj^stogenin dioxime was studied. Bethogenin (6) 
was prepared from the roots of Trillium erectum and converted to crypto- 
genin dioxime (VII) with hj^droxylamine (7). Hydrogenation of cr3T)to- 
genin dio.xime in methanol-acetic acid solution gave the secondary amine 
of structure (VIII). The base was characterized as the nitroso derivative. 
Repeated attempts, however, to eliminate water between the secondary 
nitrogen and the terminal primaty alcoholic group were unsuccessful. 



3 II I I II 3 

NOH NOH 


Pt ^ 
CHjOH 
CHiCOOH 


ynj 


CH{— CHj 
. / 


IX 


X 



XII 



Preliminary efforts to prepare the mono- or dihalogen derivatives of the 
base hkervise proved unpromising. 

Acetonylacetone dioxime (IX) was used as a model compound for study 
of the behavior of 1,4-dioximes under various reductive procedures. When 
submitted to hydrogenation under the conditions successfullj' emploj ed 
for the reduction of sarsasapogenoic acid and crj'ptogenin ioximes, ace- 
tonylacetone was converted to 2,5-dimethylpjiTolidine (X) in good jield. 
The product was isolated and characterized as the hydrochloride. 

Finally, the exact structure of the heterocyclic side chain in thesecond- 
ary bases of the veratrine series remains to be established. Sinccjcn'ine 
has also jdelded 2-ethyl-5-methylp>Tidine on dehydrogenation (S), t e 
arrangement suggested in formula (XI), rather than the altemati%e 
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formula (XII), would appear to be the probable skeletal structure for the 
heterocyclic portion of these alkaloids. 

EXPERIMENTAL 

Hydrogcnaiion of Sarsasapogcnoic Acid Dioxime — K suspension of 1.0 
gm. (0.0084 mole) of sarsasapogcnoic acid dioxime (3) in a mixture of 250 
ml. of methanol and 15 ml. of acetic acid was shaken iidth hydrogen and 
0.50 gm. of platinum oxide at ordinary temperature and pressure. After 
absorption of 310 ml. of hydrogen during 40 hours (theory 330 ml.) the 
hydrogenation was interrupted and the filtrate from the catalyst was 
concentrated to a syrup in vacuo. A chloroform solution of the residue was 
extracted repeatedly with water and the combined washings were evapo- 
rated to dryness in vacuo. The solid residue was extracted noth dilute 
ammonium hydroxide and a small amount of insoluble material was re- 
moved by filtration. The ammoniacal filtrate was evaporated to dryness 
in vacuo, and the amino acid thus liberated was recrystallized from dilute 
ethanol. The yield was 90 mg. (10 per cent). The amino acid melted at 
143° with loss of water and the melt at once crystallized to form the lactam. 

(alS = +25.0° (c = 2.0 in ethanol) 

CjtHuO.N. Calculated, C 75.13, H 10.51, N 3.25; found, C 74.90, H 10.72, N 3.47 

The nilroso derivative was prepared by addition of aqueous sodium nitrite 
to a solution of the amine in dilute acetic acid. It was extracted with 
chloroform and recrystallized from dilute ethanol. M.p., 160-162°. 

CnHuO.Ns. Calculated, C 70.40, H 9.63, N 6.08; found, C, 70.25, H 9.61, N 6.00 

The Lactam, Ci 7 HiiOiN, was prepared by heating the dry amino acid. 
The ampholyte melted at 143° and the melt crj’stallized at once to form 
the lactam, which was recrystallized from dilute ethanol. The yield nas 
practically quantitative. M.p., 200-202°. 

Wd = +17.0° (c = 1.4 in ethanol) 

C27H4,0.N. Calculated, C 78.40, H 10.53, N 3.39; found, C 78.63, H 10.46, N 3.50 

Reduction of Lactam (V) — A solution of 175 mg. (0.00042 mole) of the 
lactam (V) in a mixture of 15 ml. of methanol and 5 ml. of 10 per cea^ 
hydrochloric acid was hydrogenated at ordinary temperature an pr^^ 
sure in the presence of 175 mg. of platinum oxide. After 65 ^ ° . 

drogen had been absorbed during a period of 15 hours 
the catalyst was removed and the filtrate was concentrated ^ ^,tion 
in vacuo. The residue was treated with dilute sodium hydros e so 
and the mixture was extracted ivith chloroform. The was footed 
extract was concentrated in vacuo. The crystalline resi ue wa 
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Avith dilute acetic acid, a small amount of insoluble material was removed 
by filtration, and the amine was precipitated by addition of dilute sodium 
hydroxide solution to the filtrate. After recrystallization from ethanol, 
the yield was 70 mg. (41 per cent). M.p., 216-218°. The mi-ved melting 
point mth allosolanidanol-(3/S) (m.p., 216-218° (5)) was 216-218°. The 
mhced melting point with soIanidanol-(3^) (m.p., 219-220°) was 188-192°. 

Wo = +27.3° (c = 1.2 in chloroform) 

Prelog and Szpilfogel reported [a]” = +27.9° (c = O.Sl) (5). 

CnHjsON. Calculated, C 81.14, H 11.35, N 3.51; found, C 80.95, H 11.50, A' 3.56 

Acetylation of the Amine — A solution of 50 mg. of the above base in a 
mixture of 1 ml. of pyridine and 1 ml. of acetic anhydride was allowed to 
stand at room temperature for IS hours. The solvents were then re- 
moved in vacuo. The residue was treated with dilute ammonium hydrox- 
ide solution and the solid was collected with water, and dried. It was 
recrystallized from ethanol. M.p., 144-146°. The mixed melting point 
Mth allosolanidanol-(3/3) acetate (m.p., 144-146° (5)) was 144-146°. 

Wd = +28° (c = 0.57 in chloroform) 

Prelog and Szpilfogel reported [a]n = +31.4° (c = 0.605) (5). 

Cs.HuOjN. Calculated, C 78.86, H 10.73, N 3.17; found, C 78.94, H 10.87, N 3.29 

Hydrogenation of Cryptogenin Dioxime — A solution of 200 mg. (0.00043 
mole) of cryptogenin dioxime (6) in a mixture of 50 ml. of methanol and 
3 ml. of acetic acid was shaken with hydrogen and 100 mg. of platinum 
oxide at ordinary temperature and pressure. After 70 ml. of hydrogen 
had been absorbed during 15 hours (theory 75 ml.), the filtrate from the 
catalyst was concentrated in vacuo. The residue was treated with ether 
and the ether solution was extracted with several successi'^'e portions of 
water. The amine crj^stallized when dilute ammonium hj’droxide was 
added to the combined aqueous e.xtracts. It was recrystallized from dilute 
ethanol. The yield was 60 mg. (33 per cent). M.p., 177-182°. 

CuHitOjN. Calculated, C 77.64, H 11.34, X 3.35; found, C 77.70, H 11.50, .X 3.53 

Niiroso Derivative — The nitroso derivative separated in cra-stallinc form 
when a sodium nitrite solution was added to a solution of the amine in 
dilute acetic acid. The vield was essentiallj’ quantitative. M.p., 213- 
215°. 

C-,H«0,N,. Calculated. C 72.60, H 10 38, X 6.27; found, C 72.70, H 10.10, X 6.45 

Hydrogenation of Acctonylacctonc Dioxime — A solution of 1.44 gm. (0.01 
mole) of acetonylacetone dioxime (9) in a mixture of 250 ml. of methanol 
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and 15 ml. of glacial acetic acid was shaken with hydrogen and 200 mg. of 
platinum oxide at ordinary temperature and pressure. Absorption ceased 
after 940 ml. had been taken up during 20 hours (theorj^ 1030 ml.). The 
filtered solution was concentrated to a few ml. in vacuo. Sodium hy- 
droxide was added in excess and the mixture was extracted uith a large 
volume of ether. The dried extract was concentrated to a small volume 
and dry' hydrogen chloride was passed in to precipitate the hydrochloride. 
The cry'stalline salt was recrystallized from absolute ethanol and ether. 
The yield was 750 mg. (55 per cent). M.p., 205-208° (10). 

C.H„NC1. Calculated, C 63.13, H 10.40, N 10.33; found, C63.13, H 10.15,N 10.20 

All melting points are micro melting points. 

All analytical data recorded were obtained by Mr. D. Rigakos. 

SUMMARY 

Sarsasapogenin has been converted to the stereochemically correspond- 
ing dihydrosolanidine, allosolanidanol-(3i3). The heterocyclic portion of 
the molecule in the tertiaiy bases of the Solanum and Veratrum alkaloid 
series is an octahydropyrrocoline derivative formed by condensations 
which involve carbon atoms 22 and 26 of the isooctyl steroid side chain 
and carbon atom 16 with nitrogen. 
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THE EFFECT OF CAFFEINE ON UREA FORMATION FROM 
AMMONIUM SALTS BY LIVER SLICES IN VITRO 

By FREDERICK BERNHEIM and MARY L. C. BERNHEIM 
With the Technical Assistance or Helen R. Higgins 

{From Ihe Deparlmenls of Physiology and Pharmacology and of Biochemistry, 
Duke University School of Medicine, Durham, North Carolina) 

(Received for publication, May 14, 1945) 

Very little work has been done on the specific metabolic effects of caffeine. 
It is known that caffeine increases the basal metabolic rate and that high 
concentrations cause contracture in skeletal muscle. The earlier workers 
investigated the nitrogen excretion in the urine after varying and, in most 
cases, unsjiecified amounts of caffeine had been administered. Their results 
were contradictory. Lehmann (1) found less nitrogen in human urine when 
caffeine was ^ven and Rabuteau (2) foimd a significant decrease in urea 
excretion. On the other hand, Hoppe (3) and Voit (4) could demonstrate 
little effect on the total nitrogen and urea excretion in dogs, and Roux (5) 
was unable to confirm Rabuteau’s results in man. Farr and Welker (6) 
gave small doses of caffeine to two men. There was httle effect on urea 
excretion but in one individual an increased ammonia excretion occurred. 
In the past 30 years this aspect of the problem has apparently been 
neglected. In the folloiving report, the effect of caffeine on the metabolism 
of liver and kidney slices in vitro is described. In both tissues caffeine in- 
terferes with the utilization of added ammonium salts and in liver it inhibits 
the formation of urea. 


EXPERIMENTAL 

For most of the e.xperiments the liver and kidney of approximate!)' 250 
gm. rats were used. 300 mg. (wet weight) of slices were suspended in 4.0 
bicarbonate solution in an atmosphere of 95 per cent oxygen 
and 5 per cent carbon dioxide and were shaken for 3 to 4 hours at 37°. At 
^ ® experiment 1.0 cc, of 20 per cent trichloroacetic acid was 

a ded to each vessel and the precipitated protein centrifuged. Ahquots of 
e supernatant fluid were taken for the estimation of urea, ammonia, and 
amino nitrogen. Urea was estimated by the method of Ormsby (7) and of 
ot er substances liable to be present in tissue filtrates only allantoin in high 
Mncentration pves a color similar to that of urea uith the biacetj'l reag^t. 

xjeriments with allantoin production by hver slices from hj'poxanttoe 
^ uric acid showed that caffeine was without effect on this reaction. 
The red color produced when citrulline reacts with the biacetj'l reagent 
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was not observed. The ammonia was estimated by vacuum distillation 
from 5 per eent NaOH at G0° for 5 minutes, and subsequent ncsslerization. 
The color was read in an Evel3'n photocolorimeter with a No. 420 filter. 
In this procedure a small amount of amide nitrogen is estimated, bu^ this 
was an interfering factor onlj' when glutamine was used. Volatile amines 
produca either little color or a milky cloudiness with Nessler’s reagent, and 
cloudiness was not observed in our experiments. By the Van Slyke method 
(8) for amino nitrogen, under our conditions, 40 per cent of the ammonia 
present and 6 per cent of the urea are also estimated. Calculations for 
tliis were made. Extra nitrogen is evolved in the presence of acetoacetic 
acid, but this compound is not involved in the caffeine effect, for boiling 
the filtrate uith acid for 30 minutes did not change the effect of caffeine 
on the nitrogen values. 

The first experiments consisted of amino nitrogen determinations on the 
trichloroacetic acid filtrates of liver slices. When the slices were incubated 
■with caffeine, an average of 30 per cent less amino nitrogen was present than 
in the controls. Thus in a typical experiment 0.248 mg. of NHj-N was 
found in the controls, and only 0.175 mg. in the presence of 6.7 X 10"* m 
caffeine. This effect was remarkably consistent, the decrease varying from 
22 to 39 per cent. Higher concentrations of caffeine did not increase the 
effect. On the other hand, caffeine produced a 10 per cent decrease when 
incubated nith the same weight of kidney slices under the same conditions 
and had a negligible effect on the amino nitrogen in filtrates from heart 
slices. When liver slices were incubated anaerobically, caffeine had no 
effect. These results indicated that caffeine has some specific action on the 
nitrogen metabolism of liver and that it was not merely affecting the per- 
meability of the tissue slices. Possibly, caffeine was accelerating the de- 
amination of amino acids; so a number of amino acids were incubated with 
liver slices. These included glycine, alanine, serine, methionine, valine, 
leucine, isoleucine, arginine, and phenylalanine, and both the natural ana 
non-naturabisomers ware used. In no instance did caffeine have any effect 
on the rate of deamination. 

In the next experiments, ammonium sulfate was incubated with liver 
slices. Since ammonia is estimated by the Van Slyke procedure, the e- 
crease in apparent amino nitrogen in the presence of caffeine might have 
been due to an increased utilization of or a decreased formation of ammo 
nitrogen from ammonia. The results given in Table I show that ca eine 
apparently interferes with the utilization of ammonia, and suggest t a i 
might be inhibiting urea production from ammonia. Urea detemuna lo 
were made and the results of a typical experiment are pven m ^ 
Caffeine definitely inhibits urea formation from ammonia, the i 
varying in different experiments from 25 to 52 per cent. The concen 
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of caffeine for maximum inhibition varied from 3.0 to 6.0 X 10“’ sr, and 
larger concentrations were without greater effect. 4.0 mg. of ammonium 

Table I 

Effect of B.7 X 10~^ it Caffeine on Urea Production and Ammonia and Amino Nitrogen 
Metabolism in Liver Slices, and on Latter Two in Kidney Slices 


300 mg. (wet weight) of tissue were shaken 3 hours at 37° in 4 0 cc. of Krebs’ 
bicarbonate solution in 95 per cent Oi-5 per cent CO*. 







Appar- 




Urea 

formed 

NHi-N 

eht 

m 

Kat tissue 

Compounds added 

' 

recov- 

ered 

NHfN 
recov - 
ered* 


■n 



mg. 

mg. 

mg. 


Liver 

None 

0.22 

0.194 

0.248 



2.0 mg. dl-ornithine 

0.28 

■mtM 




4,0 " (NH,)jSO, 

0.98 

0.325 

IqtBa 



4.0 “ “ -k 2.0 mg. df-ornithine 

1.39 

0.172 

0.615 



4.0 “ caffeine 

0.20 

0.161 

0.175 



4.0 “ “ -t- 2.0 mg. df-ornithine 

0.21 


0.485 



4.0 “ “ + 4.0 “ (NHOtSO, 

0.67 

BlRi!i 

0.425 



4.0 “ “ -k 4.0 “ “ -k 2.0 

1.27 

0.158 




mg. df-ornithine 




2 

<1 

None 

0.30 





2.0 mg. glutamine 

0.38 





2.0 “ df-ornithine 

0.34 




4.0 “ (NH4)jS04 

1.26 





4.0 " " -k 2.0 mg. glutamine 

1.40 





4.0 “ “ -k 2.0 " dl-ornithinc 

1.57 

0.156 




4.0 “ caffeine 

0.29 

0.118 




4.0 “ “ -k 2.0 mg. glutamine 

0.31 





4.0 “ " -k 2.0 “ df-omitbine 

0.29 

0.118 




4.0 “ '• -k 4.0 " (NH4)»S04 

0.46 





4.0 “ “ + 4.0 “ '* + 2.0 

1.21 





mg, glutamine 

I.IS 





4.0 mg. cafifeine -f- 4.0 mg. (NHOsSOi + 2.0 




mg. dt-ornithine 



0.212 

0.501 

3 

Kidney 

None 

4.0 mg. (NH 4 )jS 04 


0.13S 

O.TOo' 



4.0 “ caffeine 


0.107 

0.195 



4.0 " “ -k 4.0 rag. (NlU)SO, 


O.OoV 

0.510 


* These figures include 40 per cent of the remaining XHj-X, G per cent of the urM 
formed, the tissue blank as well as the NHs-K. For calculations of actual . t-- 


see the te.\t. 

sulfate containing 0.85 mg. of nitrogen were found the most suitable con- 
centration to use in these experiments. Ammonia determinations, .aKo 
given in Table I, show that with the inliibition of urea production there i^ 
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an accumulation of ammonia. Tabic II shows the effect of different con- 
centrations of caffeine. 

In order to determine liow caffeine interferes noth urea formation the 
folloiving axperiments were done. 1.0 mg. of arginine was added to liver 
slices and 0.36 mg. of urea was formed from it. In the presence of caffeine 
0.32 mg. was formed. Therefore caffeine does not inliibit arginase. '\Vhen 
2.0 mg. of dl-omithine were added to liver slices, there was some increase of 
urea production and ornithine with ammonia always causes a urea forma- 
tion greater than the sum of the urea from ornithine and ammonia 
separately. As shown in Table I the presence of ornithine almost com- 
pletely overcomes the inhibition of urea formation from ammonia by caf- 
feine. If glutamine is added to liver slices, a slight increase of urea 
production is obtained, but, unlike ornithine, glutamine does not increase 

Tabij: II 

Effect of Various Concentrations of Caffeine on Urea Formation and Ammonia Metab- 
olism by SOO Mg. (IVcI Weight) of Eat Liver Slices Shahen for S.5 Hours at 
S7° in 9S Per Cent Oxygen and 6 Per Cent Carbon Dioxide 
The control values have been subtracted- 



Urea 

fonoed 

recovered 

4.0 mg. (NHOjSOi 



4.0 “ -1-0.7 X 10->M caffeine 

4.0 “ “ -i- 2.1 X 10-> '• " 

4.0 “ " -1-6.7 X10-»“ " 



the ulrea formation from added ammonia. However, glutamine does re- 
store urea formation from ammonia when this process has been inhibited by 
caffeine (Table I). Glutamic acid is without effect. 

Thus caffeine interferes in some way ivith the formation of urea but if 
sufficient amounts of omitliine or glutamine are present the inhibition can 
be overcome. It is not possible to state exactly how this inhibition is 
brought about, and it may be that caffeine interferes in general with t e 

utilization of ammonia. Thus if less ammonia is converted to amino nitrogen 

in the presence of caffeine the lower Van Slyke values could be accounte 
for. The followring calculation indicates that actually less amino nitrog® 
is formed from added ammonia in the presence of caffeine. Hi 
values obtained by the Van Slyke method, which include the amino 
and 40 per cent of the ammonia, 40 per cent of the ammonia (estinaa 
distillation) is subtracted, then the amino nitrogen can be of 

trates from control liver slices by this calculation contain 0.140 B- 
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NH 2 -N; in the presence of caffeine, 0.121 mg. When ammonia is added, 
the corresponding values are 0.275 and 0.229 mg. Filtrates from control 
kidney slices contain 0.167 mg.; in the presence of caffeine, 0.152 mg.; and 
after the addition of ammonia, 0.223 and 0.160 mg. It would therefore 
appear that in the presence of caffeine less ammonia is converted to com- 
pounds that ■will react ■v\’ith nitrous acid. 

Theophylline and theobromine act similarly to caffeine, although because 
of the relative insolubility of theobromine its effects are not marked. The 
inhibition of urea formation by caffeine can also be demonstrated in rabbit, 
guinea pig, and dog liver. 

DISCUSSION 

Since the caffeine inhibition of urea formation from ammonia is so definite 
in vitro, it ivill be of interest to determine whether it also occurs in vivo. 
That some of the earlier workers found a low urea excretion after caffeine 
and others did not indicates that certain conditions may be necessary before 
the effect is demonstrable in the whole animal. The fact that caffeine can 
interfere ivith the nitrogen metabolism of the liver and the kidney may even- 
tually explain its effects on the basal metabolic rate and on the production 
of prothrombin, as recently shown by Field et al. (9). 

SUMMARY 

1. Caffeine inhibits the formation of urea from ammonia in liver. The 
addition of ornithine or glutamine overcomes the inhibition. Caffeine has 
no effect on arginase. 

2. In both liver and kidney caffeine inhibits the disappearance of added 
ammonia. In the liver this is explained by the decrease in urea formation 
and a decrease in amino nitrogen formation, in the kidnej’ bj' a decrease in 
amino nitrogen formation. 

3. Theophylline and theobromine have similar effects. 
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ISOLATION OF ANDROSTERONE, ETIOCHOLAN-3(a)-OL-17-ONE, 

AND A5-ANDROSTENE-3((;(),17(a)-DIOL FROM THE URINE 
AFTER ADMINISTRATION OF DEHYDROISOANDROS- 
TERONE TO A MAN 

Bt HAROLD L. MASON 

{From the Division of Biochemistry, Mayo Foundation, Rochester, Minnesota) 

AND EDWIN J. KEPLER 

(From the Division of Medicine, Mayo Clinic, Rochester, Minnesota) 
(Received for publication, May .28, 1945) 

Dehydroisoandrosterone is normally a minor fraction of the urinar 3 ’’ 
ketosteroids. Callow and Callow (1) isolated from the urine of normal 
men and women about 0.2 mg. per liter, as compared with 1.3 to. 1.6 mg. 
of androsterone and 1.3 to 1.4 mg. of etiocholan-3(Q:)-ol-17-one, The 
urine of most patients who have tumors of the adrenal cortex, however, 
contains more dehydroisoandrosterone (2-4) than any other steroid. 
The total amount excreted daily may be several hundred mg. ■- Our inter- 
est in the metabolism of this substance was aroused by speculation as to 
whether dehydroisoandrosterone is one of the end-products of steroid 
metabolism or whether it is capable of transformation to some of the other 
steroids that are excreted in the urine. Since the metabolism of dehydro- 
isoandrosterone has received vei^’- little attention, this study was under- 
taken to determine what urinary steroids might be formed when dehydro- 
isoandrosterone was administered to a human subject. 

In order to avoid the uncertainties which would arise from the steroids 
which are normally present in the urine, a man was selected for this study 
whose excretion of steroids was very small, 1.0 to 2.1 mg. in 24 hours. 
This man, 30 years of age, had had a pituitary tumor removed at the age 
of 25 years. He presented the classical clinical picture of severe anterior 
pituitary insufficiency with marked secondarj- gonadal, thyroid, and 
adrenal failure, although sj-mptoms of secondarj- adrenal cortical in- 
sufficiency Were less e-vident. In ■\dew of what is known about the an- 
atomic status of the adrenal cortex in other cases of tliis type there is little 
doubt that the adrenal cortical function was impaired. The low level of 
the urinarj' 17-ketosteroids in itself is e\'idence in favor of this -i-iew. 

The dehydroisoandrosterone was given in the form of the acetate, which 
is more soluble in oil than the alcohol. The acetate vas dL=solved, 25 
mg. in 1 ml., in peanut oil which contained 2 per cent of benzyl alcohol to 
increase the solubility. It was injected intramuscularly in two doses 
dailj’ of 25 mg. each for 7 daj's and then in two doses of 50 mg. for the nc-vt 
9 days. A total of 1250 mg. of acetate, equivalent to 1090 mg. of dcliy- 
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droisoandrosterone, was given. We are greatly indebted to Dr. E. Oppen- 
heimer and Dr. C. R. Schoiz of Ciba Pharmaceutical Products, Inc., for 
the donation of the dehj'droisoandrosterone acetate and for the prepara- 
tion of the solution in oil for parenteral use. 

All of the urine was collected during the period of injection and for 2 
days after the last injection. The amount of 17-ketosteroids in each 
daily specimen was determined on an aliquot. The sum of these amounts 


Table I 

Summarp of Kctonic F ractions Obioincd from Chromatographic Column 


Frac- 

tion 

No. 

Solvent 

Total 

volume 

of 

solvent 

W'eisht 
of crude 
fraction 

Nature of fraction* 



ml. 

mr. 


1 

1:1 CCh-petroIeum ether 

200 


Fattj’ material 

2 

2:1 “ 

125 

29 

Plates, m.p. 95-97° 

3 

2:1 

100 

8 

Prisms, “ 194-197“ 

4 

4:1 <' “ 

100 

Trace 


5 

CCl. 

100 

11 


6 

<• + 0.1% alcohol 

200 

3 

Gum 

7 i 

" -1-0.2% “ 

125 ' 

21 

(1 

■ 8 

■' -1-0.2% “ 

75 

112 

Dehydroisoandrosterone (58 





1 mg.) ; androsterone (8 mg.) 

9 

“ -f 0.2% « 

30 

48 

Androsterone (29 mg.); de- 





hydroisoandrosterone (9 


1 



mg.) 

10 

“ -hO.2% <■ 

ISO 

12S 

Androsterone (88 mg.); de- 





hydroisoandrosterone (12 





mg.) 

11 

“ -1- 0.2% “ 

75 

12 

Androsterone (5 mg.) + gum 

12 

“ -1- 0.3% “ 

100 

25 

Etiooholan-3(a)-ol-17-one (14 





mg.) -f gum 

13 

-k 0.4% “ 

250 

85 

Etiocholan-3(a)-ol-lV-one (59 





mg.) 


* The weights in parentheses are the weights of the purified substances isolated 


^vas 530 mg. or 49 per cent of the deh3’’droisoandrosterone administered. 
The total neutral extract of the hydrolyzed urine, however, assayed 475 
mg. of 17-ketosteroids. This discrepancy of 55 mg. may be due to a sum- 
mation of errors or to a somewhat less efficient extraction of the pooled 
urine as compared rvith the aliquots of the daily specimens. The neutw 
extract was separated into ketonic and non-ketonic fractions rvith the ai 
of the Girard-Sandulesco reagent T (5). These fractions were separat^ 
further on chromatographic columns of alumina (Merck, standardiz 
according to Brockmann) with appropriate solvents. 

Table 1 summarizes the results obtained with the ketonic material u 
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was chromatographed bj^ the method of Callow and Callow (1). Fractions 
2 and 3 were small in quantity and remain unidentified. In the Zimmer- 
mann reaction they gave colors characteristic of the 17-ketosteroids. 
Fractions 8, 9, and 10 were mixtures of dehydroisoandrosterone and 
androsterone. 

Dehydroisoandrosterone was isolated from Fractions 8 and 9 as the 
benzoate and from Fraction 10 through the digitonide. The benzoate is 
well suited to this purpose, since it is sparingly soluble in the common 
organic solvents. Its high melting point (258-260°) distinguishes it 
readily from the benzoates of the other closely associated hydrox^steroids. 
A total of 79 mg. of deh3'droisoandrosterone was accounted for as the 
benzoate or in the free state. 

Androsterone was isolated as the benzoate from Fractions 8 and 9 
after removal of the relatively insoluble dehydroisoandrosterone benzoate. 
It was isolated from Fraction 10 by direct crystallization from acetone and 
from that fraction in the acetone mother liquor which was not precipitated 
by digitonin. It was also obtained from Fraction 11 b3’’ reci^'stallization 
from dilute acetone. The total amount of androsterone accounted for as 
benzoate or in the free state was 130 rag. 

The etiocholan-3(a)-ol-17-one was readily isolated from Fractions 12 
and 13 by recrystallization from methanol. The total weight isolated was 
73 mg. 

Four crystalline non-ketonic fractions were obtained b3’ separation on a 
chromatographic column of alumina ndth muctures of benzene and pe- 
troleum ether and of benzene and alcohol. One of these was identified 
as A^-androstene-3(/3),17(a)-diol (6.5 mg.). Another substance (7 mg.) 
cr3'stallized from dilute methanol as felted needles which melted at 147- 
148°. A third substance (15 mg.) cr3'stallized from methanol as plates 
which melted at 143°. The fourth substance (3 mg.) cr3'Efallized from 
acetone and melted at 233-234°. It was not pregnane-3(o),20(ar)-diol. 

Comment 

The weights of the purified substances which were isolated are gi\cn in 
Table II. A total of 304 rag. of purified ketosteroids was recovered 
This amount is 28 per cent of the 1090 mg. of dehydroisoandrosterone v Inch 
were administered and 64 per cent of the 475 mg. of 17-ketostcroids v hicli 
were present in the e.\-tract. Less than 1 per cent of the dchydroi^oandros- 
terone administered was recovered as A^-androstenc-SCdj^lTfn'-f io . 
which was the onlj- non-ketone identified and related to dch>droi^ain n’’;- 
terone. 

A Striking feature of the results is the relatively large amounts of andms- 
terone and of etiocho!an-3(a)-ol-17-one vhich were i=oh>t^. DcIj) ro- 
isoandrosterone, although an abundant e.xcretoiy product oi patient' v .n 
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have tumors of the adrenal cortex, in this instance was converted largely 
to the other two -substances before excretion. It constituted only 26 per 
cent of the total 17-ketosteroids which were isolated. It is not clear from 
this experiment why dehydroisoandrosterone constitutes 50 to 70 per cent 
or more of the ketosteroids excreted by many patients who have tumors of 
the adrenal cortex. However, in these cases there is the possibility that 
the formation of dehydroisoandrosterone exceeds a maximal rate of dis- 
posal of this substance by destruction and by conversion to androsterone 
and etiocholan-3(a)-ol-17-one and that the excess appears in the urine 
unchanged. 


Table 11 

SuhBtanccs Isolated from Urine after Administration of ISBO Mg. of Dehydroisoan- 
drosterone Acetate 


Ketonic fraction 

Kon-ketonic fraction 

Substance 

Weight. 1 
purified 1 

Substance 

Weight, 

purifiea 


mg. 


ng. 

’> 'aoandrosterone 

79 

A‘-.\ndrostene-3(d) , 17(a)-diol 

6.5 

‘.Androsterone 

130 

Felted needles, m.p. 147-148° 

7.0 

,lEtiocholan-3(ot)-ol-17-one 

73 

Plates, m.p. 143° 

15.0 

Plates, m.p. 95-97° 

14 

Prisms, “ 233-234° 

3.0 

Prisms, “ 194-197° 

8 




Munson, Gallagher, and Koch (6) examined the urine of a woman who 
had been given dehydroisoandrosterone acetate parenterally. They iso- 
lated dehydroisoandrosterone as the benzoate in an amount that corre- 
sponded to 25 per cent of the conjugated neutral 17-ketosteroids which 
were extracted by butyl alcohol. The other fractions were not- investi- 
gated. 

The transformation of a 3(/3)-hydro,xysteroid to steroids Mth a 3{aj 
configuration suggests the probability that a 3-ketone was an intermediate 
in the conversion. If oxidation at C-3 occurred before reduction of the 
5,6 double bond, A‘-androstene-3,17-dione would be the intermediate 
This substance is similar to testosterone, which is known to be converted 
to androsterone and etiocholan-3(a)-ol-17-one (7-10). Conversion of an 
drostenedione to androsterone has been demonstrated also (9) but i s 
conversion to etiocholan-3(a)-ol-17-one has not been shown. If reduc lon 
of the 5,6 double bond preceded oxidation at C-3, presumably two inter- 
mediates with ketone groups at C-3 would result; namely, androstone- , - 
dione and etiocholane-3,17-dione. These two substances would then js 
androsterone and etiocholan-3(a)-ol-17-one respectively on r uc lo 
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C-3. These relations are shown in Fig. 1. The hypothetical intermediates 
are in brackets. These same compounds have been suggested by Dorfman, 
Cook, and Hamilton (8) as possible intermediates in the conversion of 
testosterone to its excretion products. 

Although every effort was made to find isoandrosterone, no e\ddence of 
its presence either in the free state or as the benzoate could be detected. 
Almost certainly it was not present in appreciable amounts, although a 
small amount would be difficult to detect if it were present in the mixtures 



Androsicrooe Etlochol«o»3 

Fig. 1. Steps in the conversion of dehydroisoandrosterone to sndrostcronc and 
etiocholan-3(a)-ol-17-one. 


of androsterone and dehydroisoandrosterone. Isoandrosterone has been 
isolated from the urine of a man following administration of testosterone 
(11). If the same intermediates involved in the metabolism of testoster- 
one are also involved in the metabolism of dehydroisoandrosterone, forma- 
tion of isoandrosterone would be axpected. 

The isolation of a small amount of A®-androstcnc-3(^),I/ (a)-diol is not 
surprising in riew of the isolation of tlus substance by Hirschmann and 
Hirschmann (12) from the urine of a boy who had an adrenal cortical 
tumor. We have also found it in the urine of three women who liad adre- 
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nal tumors and who were excreting relatively large amounts of dehydroiso- 
androsterone. 

Severe anterior pituitary insufficiency probably is accompanied by 
disturbances which involve the entire organism. The fact that our sub- 
ject had this condition may have had some influence on the results. How- 
ever, such disturbances might be expected to result in less metabolism of 
the dehydroisoandrosterone than in normal individuals instead of result- 
ing in abnormal changes. On the other hand, Munson, Gallagher, and 
Koch (6) concluded that the greater portion of the dehydroisoandrosterone 
administered to their patient was not metabolized further but was excreted 
unchanged. It is planned to continue the study of the metabolism of 
dehydroisoandrosterone. 

So far as could be determined clinically the administration of dehydro- 
isoandrosterone was without effect. The nitrogen balance and the excre- 
tion ot creatine and creatinine were not influenced. 

EXPERIMENTAL 

Melting Points — All of the melting points except one were determined 
uuth the Fisher-Johns apparatus. They are recorded as read. The 
siting point of dehydroisoandrosterone benzoate was determined on a 
"s-heated block and is corrected for stem exposure. 

Hydrolysis and Extraction of Urine — ^The urine was sent to the labora- 
tory at 24 hour intervals. After removal of an aliquot for the determina- 
tion of the 17-ketosteroids it was acidified with 10 ml. of concentrated HCl 
and stored in the refrigerator. The urine collected during the first 8 days 
of the period of injections (18 liters) was concentrated to approximately 
3 liters. The concentration of acid which could be titrated with NaOH 
to Congo red was approximately 0.22 n. The concentrated urine was 
heated to boiling and enough (95 ml.), concentrated HCl was added to 
bring the concentration of acid to approximately 0.6 n. Boiling was con- 
tinued for 20 minutes. The urine was then cooled under the tap and ex- 
tracted three times rvith 700 ml. of ether and twice with 600 ml. of chloro- 
form. The pooled specimens collected in the period from the 12th through 
the 21st day were treated similarly. The respective ether and chloroform 
extracts were combined. The chloroform extract was reduced to a small 
volume by distillation and combined with the ether extract which had been 
concentrated to about 400 ml. The ether splution was washed t\«M 
ivith 50 ml. of 10 per cent NaOH, twice with the same volume of NaOH 
which contained 1 gm. of sodium hydrosulfite (NajSjO,), and 
water until neutral. After removal of the ether the residue weighed 0. 
gm. and assayed 385 mg. of 17-ketosteroids. 

The urine residues were combined and concentrated to 3 liters, 
concentration of acid that could be titrated rvith Congo red as indicator wa 
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increased to normal and the processes of boiling and extraction were re- 
peated. This extract weighed 0.28 gm. and contained 90 mg. of 17-keto- 
steroids. The total neutral extract was then 1.13 gm. rvith a content of 
475 mg. of 17-ketosteroids. 

The neutral extract was separated into ketonic and non-ketonic frac- 
tions TOth the aid of Girard’s reagent in the manner described by Wolfe, 
Fieser, and Friedgood (4). 

Fractionation of Ketonic Material — ^The ketonic material (0.63 gm.) was 
dissolved in 50 ml. of carbon tetrachloride and 50 ml. of petroleum ether 
(30-60°) were added. A small precipitate was discarded and the solution 
was passed through a column of 30 gm. of alumina. Various mixtures of 
carbon tetrachloride and petroleum ether and of carbon tetrachloride wth 
small amounts of alcohol were used in 25 ml. portions for elution. The 
small fractions so obtained were combined according to their properties to 
form the major fractions summarized in Table I. Although the concen- 
tration of alcohol was increased gradually to 10 per cent by volume, noth- 
ing ciystalline was obtained after Fraction 13. 

Isolation of Dehydroisoandrosterone and Androsleronc — It ■will be ob- 
served in Table I that a clean .separation of dehydroisoandrosterone and 
androsterone was not achieved. Fraction 8 (112 mg.) was dissolved in 15 
ml. of acetone. An equal volume of water was added and the solution 
was allowed to stand until the acetone had evaporated. In this way 74 
mg. of crystalline material were separated from the amorphous material, 
which remained in a milky suspension. There was some amorphous ma- 
terial present in every fraction even though it appeared to be completely 
crystalline. Therefore similar treatment was given to the other fractions 
as a preliminary purification. The 74 mg. of crystals were benzoylated 
overnight at room temperature with 1 ml. of pyridine and 90 mg. of ben- 
zoyl chloride. The pyridine was then largely removed in a stream of air 
while warmed in a water bath. The residue was taken up in ethyl acetate 
and washed with dilute HCl, sodium bicarbonate solution, and water. On 
concentration of the ethyl acetate solution to a small volume 79 ing. of 
crystals separated. They melted at 256-258° (corrected) and a mixture 
with authentic dehydroisoandrosterone benzoate (m.p. 259-260 ) melted 
at 256-258° (corrected). 

Calculated, C 79.55, H 8.22; found. C 79.50, H 8.67 

Concentration of the solution to about 0.5 ml. gave another 2 mg. The 
total amount of benzoate corresponds to 58 mg. of dehydroisoandrosterone. 
Further concentration of the ethyl acetate solution gave a few crj’stals, 
which melted at 210-230°. The ethyl acetate was removed. The residue, 
crystallized from dilute methanol, jielded two crops of 8 and 3.5 mg. of 
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(R^’stals, wliich melted at 170-173°. The melting point was not depressed 
when these crj'stals were mixed with androsterone benzoate (m.p. 178- 
179°). 

fraction 9 jdelded 38 mg. of crj'stals, which melted at 158°. Recrys- 
tallization from ethyl acetate failed to change the melting point. Since 
Fraction 10 had been worked up first, the presence of dehydroisoandros- 
terone was indicated. Accordingly, 10.0 mg. of this fraction were ben- 
zoylated and the product was crj'stallized from a small amount of ethyl 
acetate. Only one crop of 3.0 mg. was obtained with this solvent. It 
melted at 256-257° (corrected) and a mixture with dehj'droisoandrosterone 
benzoate melted at 256-257° (corrected). The ethjd acetate was removed 
and the residue was crj’stallized from a little acetone. Three crops 
amounted to 9.5 mg. and melted at 173-175°, 176-177°, and 170-172° 
respectively. The melting points were not depressed when these fractions 
were mixed with androsterone benzoate. The total of 12.5 mg. of the ben- 
zoates is equivalent to 9.6 mg. of tlic alcohols, of which 7.4 mg. or 77 per 
cent was androsterone. On this basis it was calculated that this fraction 
contained 29 mg. of androsterone and 9 mg. of dehydroisoandrosterone. 

The crystalline portion of Fraction 10 was recrystallized from acetone. 
Three crops (44 mg.) of androsterone, m.p. 182-183°, were obtained. 

Ci.HjoOs. Calculated, C 78.57, H 10.41; found, C 78.37, H 10.49 

i ere was no depression of the melting point when this fraction was mixed 
■with authentic androsterone. 

The acetate, prepared with pyridine and acetic anhj’dride, melted at 
163-165°. 

CiiHj:Oj. Calculated, C 75.86, H 9.70; found, C 75.94, H 9.9S 

The fourth crop obtained from acetone melted at 152-153° and gave a 
precipitate with digitonin. This crop and the remainder in the niother 
liquor were combined in 5 ml. of 90 per cent methanol; 300 mg. of digitonin 
in 15 ml. of hot 90 per cent methanol were added. Since there was no 
precipitate after standing overnight, the water content was increased to 
30 per cent. After standing in the refrigerator 70 mg. of digitonide separ- 
ated. It was decomposed with pywidine and ether and yielded 12 mg. o 
material which melted at 134-136°. It was converted to the benzoate, 
which melted at 251-256° (corrected), and was therefore taken to be M- 
hydroisoandrosterone benzoate. The portion which was not 
■aith digitonin yielded 44 mg. of androsterone, which melted at 182-1 j 
Fraction 10 was thus separated into 88 mg. of androsterone and 12 mg. o 

dehydroisoandrosterone. , . 

■fection 11 was rec'rystallized from dilute acetone and 5 mg. o 
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tals were obtained. The melting point of 178-180° suffered no depression 
when the crystals were mixed with androsterone. 

Isolation of Eiiocholan-3{a)-ol-17-one — ^This substance was isolated from 
Fractions 12 and 13 by crj’stallization from methanol. From the former 
14 mg. of crystals with a melting point of 143-145° were obtained. The 
first crop of Fraction 13 melted at 150-151° with a transition point at 
138-140°. A mixture with a specimen of etiocholan-3(a)-ol-17-one 
(m.p. 150-151°) also melted at 150-151°. The benzoate prepared with 
benzoyl chloride and pyridine melted at 161-162° and its melting point 
was not depressed when it was mixed wth an authentic specimen of 
etiocholan-3 (q!)-o1-1 7-one benzoate. 

CjjHjtOj. Calculated, C 79.15, H 8.69; found, C 78.61, H 9.00 

Ketonic Fraction 2 — This fraction crystallized from dilute acetone as 
large plates, which melted at 95-97°. Repeated crystallization failed to 
change this melting point. 

Ketonic Fraction 3 — This fraction was very small. After crystallization 
from dilute acetone it melted at 176-180°. A few prisms were obtained by 
recrystallization from acetone. They melted at 194-197° for the most 
part, although a few crystals melted sharply at 203°. 

Small amounts of ketonic Fractions 2 and 3 were dissolved in 3 drops 
of absolute alcohol. 3 drops each of a 2 per cent solution of m-dinitro- 
benzene and of 2.5 N potassium hydroxide in absolute alcohol were added. 
The red color characteristic of the 17-ketosteroids quickly developed. 

Frofitionation of Non-Ketonic Fraction — ^Although this fraction weighed 
440 mg., the weight of crystalline material that could be obtained was 
onl 3 ' 31.5 mg. after purification. The fraction was extracted wth a total 
of 30 ml. of hot benzene. This left undissolved 56 mg. of highly colored 
amorphous material which was discarded. Addition of 30 ml. of petro- 
leum ether (30-60°) precipitated 41 mg. of similar material, which also 
was discarded. The resulting solution was passed through a column of 16 
gm. of alumina. The first cr 3 'stalline fraction, 7 mg., was eluted with a 
mixture of benzene and petroleum ether. It separated as felted needles 
from dilute methanol and melted at 147—148°. Immediatelj^ follon’ing this 
fraction, when the solvent was changed to a 2:1 mixture of benzene and 
petroleum ether, was a fraction of 15 mg. which crystallized from methanol 
as plates vith a melting point of 143°. As the solvent was changed to 
benzene and to benzene with small amounts of alcohol, onlj' traces of oil 
were removed from the column until benzene containing 0.2 per cent of 
alcohol was reached. This mixture removed 26 mg. (crude weight) of 
crj'stalline material. 

Isolation of A^-AndrostmeS(,3),17(a)-diol— The fraction which was re- 
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moved v-ith 0.2 per cent alcohol in benzene was crystallized from methanol, 
The first crop, 2.5 mg., melted at 173-174°. A mixture with A‘-androstene- 
3(^),17(a)-diol (m.p. 177-178°), prepared from dehydroisoandrosterone 
(13), melted at 177-178°. The acetate was prepared from the second and 
third crops (4.0 mg.) with acetic anhydride and pyridine. It crystallized 
from methanol as plates which melted at 159-160°. A mixture with 
A^-androstene-3(|5),17(a)-diol diacetate (m.p. 159-160°) melted at 159- 
160°. 

The last fraction from which cr 3 ’stals were obtained was removed with 
0.5 per cent alcohol in benzene. The crystals were freed from much gum 
by recrystallization from acetone but with considerable loss. The first 
crop (2 mg.) melted at 233-234°. The second crop of about 1 mg. melted 
at 208-215°. A mixture of the first crop with pregnane-3 (a), 20(ot)-diol 
melted at 210-215°. 


SUMMARY 

Followdng the administration of 1090 mg. of dehydroisoandrosterone 
(as the acetate) to a man who had anterior pituitary insufificiency, 79 mg. of 
dehydroisosndrosterone, 130 mg. of oisdmsteroBe, 73 mg. of e^oohohn- 
3(a)-ol-17-one, and 6.5 mg. of A®-androstene-3(/3), 17(a)-diol were recovered 
from the urine. Two other crystalline ketones and four non-ketones 
were obtained in small amounts but not identified. 

5 ' 
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In 1940 Snell and Peterson (1) announced the discovery of a factor, 
necessary for the growth of Lactobacillus casei, which they called the 
“norit eluate factor.” Hutchings, Bohonos, and Peterson (2) the follouing 
year reported that concentrates containing this factor were also active for 
the gro\vth of Streptococcus lactis R.' At about the same time Mitchell, 
Snell, and Williams (4) obtained from spinach a concentrate which was 
highly active for Streptococcus lactis R and also required by Laclohacillus 
casei. They named the active substance folic acid. 

Pfiffner and associates (5), in 1943, reported the isolation in ciy.stalhne 
form of an antianemic factor for chicks which was active in promoting 
the growth of both Lactobacillus casei and Streptococcus lactis R. Because 
of similarities in biological and physical properties they considered Jt to ^e 
identical mth Hogan and Parrott’s (6) vitamin Be and also suggest t a 
vitamin Be was probably the same as folic acid and the norit e uate ac 
tor.” 

The same year Stokstad (7) described two Lactobacillus casei factom, 
one from liver and the other from yeast. These vere believed not o e 

identical, since the compound from liver was equalb" acthe ^ 

isms while that from yeast was only half as active for Streptococcus 
as for L. casei. Since the chemical analysis of the compound from liver 
agreed mth that reported for \'itamin Be b}’ Pfiffner an associates , 
Stokstad concluded that his liver L. casei factor vas proiar.N i en ic 


with vitamin Be. 

* This work was supported in part by the establishment ^ 

University by the Cerophyl Laboratories, Inc., Kansas ’ „j(] 

Western Condensing Company, San Francisco, California, an j 
the Wyeth Institute of Applied Biochemistry, Philadelp la, Strep- 

‘ Niven and associates (3) have found that the organism genera • j 

lococcus lactis R is the enterococcus, 5. Jaecalis. This orgamsm r.-to,. jc one 
American Type Culture Collection as No. S043. Since the f 

of the powth factors involved, we have continued in this pape 
S. lactis R to prevent confusion. 
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Binkley and associates (8), on the other hand, reported that vitamin Bj, 
isolated from enzyme-digested yeast by a procedure similar to that used in 
isolating this substance from liver, had the same activity for Ladohacillus 
casei and Streptococcus lactts R as had vitamin isolated from liver. In 
addition, the properties of the two crystalline compounds as well as the 
chemical analyses were the same; so the authors concluded that the com- 
pounds from yeast and liver were identical. Krueger and Peterson (9) 
have also found no difference in potenc3'^ between the vitamin Be prepara- 
tion from liver and that from yeast. 

Recently Hutchings, Stokstad, Bohonos, and Slobodkin (10) reported 
the isolation of a third Lactobacillus casei factor which pdssessed 85 to 90 
per cent as much activitj' for L. casei as did Stokstad’s (7) L. casei factor 
from liver, yet had only 6 per cent of the liver L. casci factor activity when 
assayed with Streptococcus lactis R. B3' our method of analysis ive have 
found the activity of this factor for Streptococcus lactis R to be approxi- 
mately 2.5 per cent that of the L. casci activit3'. 

Keresztesy, Rickes, and Stokes (11) have announced another factor from 
an unstated source, designated by them as the Streptococcus lactis E factor, 
which is active for S. lactis R but inactive for Lactobacillus casci. Stokes, 
Keresztesy, and Foster (12) found that, when S. lactis R was allowed to 
grow on a medium containing the B. lactis R factor, a substance was 
produced in the medium which was active for L. casei. Day, Miras, 
Totter, Stokstad, Hutchings, and Sloane (13) found that by treating a 
highly purified preparation of L. casd factor with the rat liver enzyme 
solution of Mims, Totter, and Day (14) the activity for S. lactts R was 
greatly increased. 

These active factors fall into three general classes, those that are active 
for Lactobacillus casci but possess little activity for Streptococcus lactis Ei 
those active only for S. lactis R, and those that are active fer both organ- 
isms. As a matter of convenience and to simplify terminology, we shall 
henceforth refer to all factors that are active mainly for L. casei as the L. 
casei factor, those active for S. lactis R only as the S. lactis R factor, an 
those active for both organisms as folic acid. _ 

Using the new Lactobacillus casei factor of Hutchings and associates (1 }> 
Scott, Norris, Heuser, and Bruce (15) have shown that either a- or A-pyw 
cin lactone^ is required besides L. casei factor for the prevention of anemia 
in chicks. PMner and associates (5) and others, on the other hand, ave 


•Pyracin refers to 2-methyl-3-hydroxy-4-hydroxyinethyl-5-carboxypyn . 

pyracin), or 2-inethyI-3-hydroxy-4-carboxy-5-hydroxymethylpyridiDe (^-pyr 

The lactones of these acids have recently been named a- and /J-pyraoin by 
associates (15) . Since unpublished data show that the acid form « ^ the 

tionally, the name pyracin, because of its connotation, will hencefortn re 
acid orm, and the Intones will be designated as «-pyracin lactone 
Sone Huff and Perlzweig (16) previously called U-pyracin, pyndoxic acid. 
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reported that pure crystalline compounds which are active for both L. 
casei and Streptococcus lactis R are effective in preventing this anemia. 

In the course of an investigation on the relationship between Lacto- 
hadlhis casei factor, pyracin, and folic acid by means of incubation studies 
ivith fresh chick liver, results were obtained which furnish an explanation 
of the apparent discrepancy between the work of Scott and associates (15) 
and the work of Pfiffner and associates (5) and others. These results are 
presented in this report. 


EXPERIMENTAL 

Livers for Incubation — The livers used in the study reported in this paper 
were obtained from white Leghorn cockerels, 8 to 13 weeks of age. From 
hatching to the 8th week the chicks were fed a diet known to be partially 
deficient in unidentified factors present in liver and yeast. At 8 weeks of 
age the diet was changed to a commercial chick starter of known formula. 

Incubation Procedure — In general, the incubation procedures of Wright 
and Welch (17) and Mims, Totter, and Day (14) were followed. 1 part of 
fresh liver was placed in a Waring blender noth 5 parts of 0.05 m phosphate 
buffer at pH 7.0. After 4 minutes of blending, the mixture was centrifuged 
for 20 minutes, and the portion remaining suspended in the phosphate 
buffer was decanted into a flask and made to a suitable volume. The 
samples were incubated under toluene overnight at 37°, after which they 
were steamed for 0.5 hour, diluted to 500 ml., and filtered through l^Tiat- 
man No. 44 filter paper \rith Celite Filter-Aid. 

Folic Acid Determinations — The samples were assayed for folic acid by 
the method of Liickey, Briggs, and Elvehjem (18), vith Streptococcus lactis 
R as the test organism. The medium was modified to include 100 nulli- 
micrograms of pyridoxamine’ per tube. The samples were run in duplicate 
at two levels. Williams’ 7.7 per cent folic acid^ concentrate and Stokstad s 
liver folic acid® were used as standards at the levels of 10, 20, 40, 60, 80, 
and 1, 2, 3, 4, 5 millimicrograms per tube, respectively. 

Incubation of Lactobacillus casei Factor xcith Pyracin Flasks containing 
liver suspensions equivalent to 62.5 mg. of original liver, 50 y of a- or ^-pyra- 
cin,® and 1 7 of Lactobacillus casei factor separatelj’ and in all possible com- 

® We are indebted to Merck and Company, Inc., Rahway, Xew Jersey, for the P 3 ri- 
do.xamine and pjwacin lactones. 

< We are indebted to Dr. R. J. Williams of the University of Te.xas, Austin, Texas, 
for the folio acid concentrate. , t j 1 

® We are indebted to Dr. E. L. R. Stokstad and Dr. B. L. Hutchings of the ^dcrlc 
Laboratories, Inc., Pearl River, Xew York, for the liver folic acid and for the two 
samples of crj-stalline Lactobacillus casei factor. 

' The pj-racin was prepared bv refluxing for 15 minutes 5 mg. of p.vracin actone 
in 50 ml. of H.O to which had been added 20 drops of 1 x XaOH. .After cooling, the 
solution was made to pH 6.8 to 7.0 b 3 ' the addition of 1 x HCl. 
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binfttions were taken through the incubation procedure and assayed for 
folic acid. Five experiments were run, with different livers each time and 
freshly preparetl pyracin solutions. The first three experiments were con- 
ducted with one sample of L. casci factor (Sample J-SG) and the last two 
with a second one (Sample L-84-12). When not incubated with liver 
both the samples of L. casci factor and pjTacin, alone and in combination, 
were inactive for Streptococcus lactis R at the levels used in these studies. 
The results are presented in Table I. 


Table I 

Stpilhcsis oj Folic Acid by Incubating Lactobacillus casci Factor and Pyracin 

unth Chick Lirer 


Eiperi- 


ExTtcri* 

V, . 1 

Eiperi* 

Erperi- 1 

ment 1 

mcnl 2 I 

meat 3 

meat i I 

meat S | 


(«) (M (o) m (o) (6) (») (« (a) tt) 

Chick liver 6. 10 9.74 1.04 4. 28 0.16 

“ “ + L. casci fac- 
tor 11.800.3513.240.2211.400.01 7.72 0.221.010.19 0.32 

Chick liver -h a-pyracin., 7. 84 9.46 3.76 6. 82 

“ “ -h ^-pyracin . . 7.72 9.54 3.30 6.52 1.76 

“ “ -h L. casci fac- 
tor -f a-pyracin 16.20 0.63 21.60 0.74 14.70 0.8211.09 0.43 0.66 

Chick liver L. casci fac- 
tor -k P-p>Tncin 16.80 0.07 22.180.78 14.04 0.78 ll. 4 OO. 45 j 4 . 55 O .55 0.65 

(a) Micrograms of folic acid per gm. of liver. (Stokstad’s crystalline liver folic 
acid, active for Streptococcus lactis R and Lactobacillus casci as standard.) (W 
Micrograms of folic acid formed per microgram of Lactobacillus coset factor use . 
(Stokstad’s crystalline Lactobacillus casci factor inactive for Streptococcus lochs 
R at the levels used.) 

The results show that under the experimental conditions LaclobaciUits 
•Msei factor was converted into some substance that is active for Strepto- 
coccus lactis R. Pyracin incubated alone with liver usually gave some 
increase in folic acid content, but when incubated with L. casa factor ano 
liver caused a marked increase in response. The increase in folic aci 
produced by incubating liver, L. casci factor, and pyracin was greater u 
the sum of the increases caused by incubating liver and L. factor 
and liver and pyracin alone. 22 7 

Wben Lactobacillus coset factor was incubated w-ith chick h-rer, 
of folic acid was produced per microgram of L. casei factor us - ^ 

hating both pyracin and L. casei factor with liver caused 
100 per cent increase in folic acid over that formed by L. ws« ac 
Incubation of Lactobacillus casei Factor with Pyracin Lactones 
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prepared solutions of the pyracin lactones were incubated with liver and 
Lactobacillus casei factor. The addition of the lactones to the liver and L. 
casei factor mixture caused an inhibition in the conversion of L. casei factor 
to folic acid. On the other hand, when solutions of the lactones which had 
been refrigerated for 3 days or more were used, results similar to those 
obtained mth the free acids were secured. The results of these studies are 
given in Tables II and III. 

Since it is knowip that lactones of this type are unstable in solution near 
neutrality, the probable explanation of the conflicting results obtained ■nith 
the fresh and stored lactone solutions is that hydrolysis of the lactone oc- 


Table II 

Inhibition of Folic Acid Synthesis by Incubating Lactobacillus casei Factor and Fresh 
Solutions of Pyracin Lactones unth Chick Liver 



Experiment 1 

Experiment 2 

Experiment 3 

Experiment 4 

1 

Average 

(a) 

(4) 

(a) 

(4 

(a) 

(4) 

fa) 

(4) 

t4) 

Chick liver 

1.64 


5.12 


4.58 


7.92 



" “ -b L. casei factor. . 


0.61 

14.24 

0.56 

10.16 

0.35 


0.20 

0.43 

" “ -b o-pyracin lao- 










tone 





6.48 


8.40 



Chick liver -b /3-pyracin lac- 










tone 



4.26 


5.64 


6.06 



Chick liver -f L. casei factor -b 










a-pyracin lactone 

8.60 

0.44 

9.88 

0.30 

8.84 

0.27 

8.84 

0.06 

0.27 

Chick liver + L. casei factor 





! 





+ P-pyracin lactone 

6.88 

0.33 

12.46 

0.46 

9.80 

0.33 

7.50 

-0.03 

0.27 


(a) Micrograms of folic acid per gm. of liver. (t>) Micrograms of folic acid formed 
per microgram of Lactobacillus casei factor used. 


curred and an equilibrium was reached in which sufficient acid was present 
in the mixture to bring about the observed results. Because the acid form 
fluoresces very slightly at pH 9.0 (16), while the lactone form is intensely 
fluorescent at this pH, it was possible to substantiate this hypothesis by 
nieasuring the fluorescence of d”Pyracin lactone at varjdng times following 
the preparation of a fresh solution. The lactone was kept in a phosphate 
buffer at pH 7.0 in the refrigerator, and aliquots were taken daily for the 
fluorescence study. The fluorescence of a phosphate buffer solution at 
pH 9.0 containing 5 millimicrograms of /3-pyracin lactone p)er ml. vas 
determined by using a Coleman model 12 electric photofluorometer with 
Filters B-1 and PC-1. The measurements were made immediately and 
daily for 7 days. The galvanometer readings fell from 83.5 to a constant 
value of 37.5 in this time, the equilibrium being reached on the 3rd daj . 
The equilibrium mixture was foimd to contain 45 per cent of the lactone. 
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TIic free acid appeared, therefore, to be the substance involved in pro- 
ducing the increase in folic acid obtained in these experiments. The de- 
crease in the amount of folic acid formed when newly prepared lactone 
solutions and Lactobacillus casci factor were incubated uith liver, as com- 
pared to the increase in folic acid when Lactobacillus casci factor tos in- 
cubated alone, indicates inhibition due to the formation of an antifolic 
acid or an antienzyme. 


Table III 


Synthesis of Folic Acid by Incubating Lactobacillus casci Factor and Old Solutions’ 
of Pyracin Lactones srilh Chick Liver 



lExperiiaent 1 




Averise 

(a) 

») 

(a) 

j (i) 

(a) 

(« 

(a) 

m 

(H 

Chick liver 

9.74 


5.12 


4.5S 


7.92 



" " -f- L. casci factor . 

13.24 


14.24 

IllWii 

flilin 

0.35 

11.02 



'■ “ -k a-pyracin lac- 

i 









tone . .... 

tWPH 


e.5S 


6.37 


S.36 



Chick liver -V- p-pyracin lac- 

i 


1 


1 





tone , ... 



. 5.23 


6.64 


, 8.72 



Chick liver + L. casci factor + 










tr-P3Tacin lactone 

LESu’ 

lOEill 


0.71 

15.45 

lillSH 

13.48 


Chick liver -4- L. casci factor 










•f p-pyracin lactone 

BBi 

0.4s| 

15.4o| 

0.&4 

13.85 


12.70 



(a) Micrograms of folic acid per gm. of liver, (b) Micrograms of folic acid formed 


per microgram of Lactobacillus casci factor used. 

* Used after holding 3 or more days in the refrigerator. 

DISCCSSlOX 

The data presented in this paper demonstrate that chick liver wh™ 
incubated nith Lactobacillus casci factor brings about the same roark 
increase in Streptococcus laclis R activity as was observed by Day and as 
Eociates (13) with rat liver. Furthemtore, it is evident that pyracin is con 
cerned in the production of folic acid from L. casci factor by chick ht er. 
The mechanism through which pyracin brings about this change 
clear. It is possible that pj'racin combines with L. casci factor to oi^ 
folic acid, or that pyracin may be involved in an enzyme S3'stem concern 
in the formation of folic acid from L. casci factor. . . 

The inhibition of the folic acid sj-ntliesis produced by the P 3 ’mcin a 
tones can be explained by either of these h 3 -potheses. In the first ins a^^_ . 
conjugation between L. casci factor and the lactones could form 
folic acid, and in the second place, an antienz 3 -me could be 
Further studies are in progress to determine the details of tlus mec 
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SUMMARY 

1. The incubation of Laclobactlhis caset factor Mith fresh chick h\er 
caused a marked increase in the folic acid content as measured by Strepto- 
coccus laclis R 

2. When both Lactobacillus casei factor and pyracin were incubated u ith 
liver, the increase in folic acid was approximately tivice as great as that 
obtained by incubating Lactobaallus casei factor alone with liver. 

3. The pyracin lactones inhibited the conversion of Lactobacillus casei 
factor to folic acid when incubated wth liver. 

4. The action of pyracin in promoting an increased production of folic 
acid may be explained by conjugation with Lactobacillus casei factor to 
form folic acid, or by entering into an enzyme system that brings about the 
conversion of Lactobacillus casei factor to folic acid. 
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EFFECT OF DIFFERENT POLYSACCHARIDES AND POLYSAC- 
CHARIDE DEGRADATION PRODUCTS ON THE ACTIVITY 
OF POTATO PHOSPHORYLASE* 

Br PHIL HARTER HIDYf and HARRY G. DAY 
(From the Department of Chemistry, Indiana University, Bloomington) 

(Received for publication, June 7, 1945) 

A synthetic polysaccharide has been obtained from glucose-l-phosphate 
by the action of a phosphorylase from muscle (1) or one from potatoes 
(2, 3). Both enzymes appear to produce the same polysaccharide (4). 
The polysaccharide has been termed a synthetic “starch,” because a 
similar, if not identical, product can be obtained by fractionation of natoal 
starches by means of butanol, isoamyl alcohol, or other polar solvents 
(5). This fraction, which is generally called amylose (6), appears to be 
made up of long xmbranched chains of glucopyranose units in 1,4-a- 
glucosidic linkages (4). 

Studies on the enzymatic synthesis showed that it was necessary to 
activate the phosphoiylases by having present small amounts of soluble 
starch or glycogen (1-3). Obviously, it is important to imderstand the 
r61e of such activator carbohydrates in polysaccharide synthesis. Syn- 
thetic amylose polysaccharides have been regarded as incapable of ac- 
tivatmg either potato (2, 3) or muscle (4, 7) phosphorylase. Various 
natural starches, glycogen, and some dextrins have activating ability for 
the potato enzyme (3, 8). The Cori (7) group believes that, “Polysac- 
charide synthesis [by muscle phosphorylase] might consist in a lengthening 
of existing side chains [of glycogen or natural starch] by addition of glucose 
umts in 1:4 glucosidic linkages,” The apparent inability of amyloses 
to act as activators is attributed to the low concentration of end-groups 
and low solubility. Since the polysaccharides formed by the enzymes 
of potatoes and muscle are so similar, it might be assumed that the potato 
phosphorylase also requires branched chain activators of the amylopectin 
type. 

The purpose of the present investigation was to determine the effect 
of paidiial acid hydrolysis, and certain other factors, on the ability of 

Taken from a thesis submitted by Phil Harter Hidy to the Faculty of the 
Graduate School of Indiana University in partial fulfilment of the requirements for 
the degree of Doctor of Philosophy. 
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different polysncchui'ides to nctiviite potnto pliosphorylase. Preliminaiy 
to this, however, it seemed advisable to investigate the preparation of 
suitable enzjTue concentrates and the determination of enzyme actmty. 
Therefore, the results of such studies are also given here. Some of the 
data obtained in this investigation have been reported in a preliminary 
note (9). 


EXPERUIENTAIj 


Materials — All the glucose-l-phosphate was prepared by the method 
of Hanes (2) and recrj’stallizcd until the H?,® of the dipotassium salt di- 
hydrate was 75-79°. 

Potato phosphorylase was purified by fractional precipitation with 
ammonium sulfate. A sufficient quantity of potatoes (Solatium tuberosum) 
was peeled and sliced to furnish at least 1 liter of juice. They were then 
kept under water until used, usually within 1 hour. Then they were 
drained quickly and pulped in a Waiing blender. The crude juice was 
brought to a specific gravity of 1.085 with solid ammonium sulfate and 
centrifuged within I hour. The supernatant liquid was raised to a 
specific gravity of 1. 1 52 with ammonium sulfate and then recentrifuged- 
.The precipitate, which was not entirely' soluble in water, was suspended 
in 250 ml. of water and fractionation was repeated in a specific gravity 
range of 1.095 to 1.145. The precipitated enzyme was dissolved in 100 
ml. of water for two subsequent fractionations in the specific gravity 
ranges of 1.100 to 1.140 and 1.100 to 1.135 respectively. The pH was 
determined at frequent intervals throughout the preparation and was 
kept between G.O and G.5 by the addition of dilute ammonium hydro.vide. 
Inactivation of the enzy'me is rapid below pH 5.8. 

To preserve the final enzyme precipitate for subsequent use it was 
generally taken up in water and diluted to 25 ml. for each liter of crude 
potato juice used. The dark solution was stored at 1-2°. No suitable 
preseiwative was found. Merthiolate (Lilly') and thymol caused marked 
inactivation. Owing to the occasional need for maintenance of the enz^a 
at w’ater bath temperatures for considerable periods of time, the stability 
of the most concentrated preparations w’as studied at 38°. At pH 6. 
no appreciable decrease in activity occurred for 32 minutes. The activi y 
scarcely changes for 4 to G weeks when stored at 1-2°. 

Experience has shown that one of the most important precautions m 
the concentration of the enzyme is a speedy separation of the fres 
expressed juice from the pulp. Inactivation is particularly rapid a ^ ^ 
stage. AH other steps in the procedure should be carried out as os 


practicable. 

An attempt to prepare 


colorless concentrates was 


made ivith p-am'no- 



P. H. HIDY AND H. G. DAY 


275 


benzoic acid and sulfanilamide to inhibit tyrosinase activity in the juice 
(10). Although p-aminobenzoic acid was partially effective, it was not 
regarded as satisfactoiy enough to warrant its use in this work. Sulfa- 
nilamide had no effect. 

Nitrogen was determined on aliquots of the various fractions by the 
micro-Kjeldahl method. Protein was precipitated in a 15 ml. Pyrex 
centrifuge tube with trichloroacetic acid and washed three times, by cen- 
trifugation, to remove ammonium sulfate. Acid digestion was carried 
out in the tube. The purest preparations showed an activity of 18.2 units 
per mg. of nitrogen. This appears to be almost identical with the activity 
of Green and Stumpf’s (3) most active preparations. 

Repeated preparations of the enz 3 rme concentrate by this means have 
demonstrated good reproducibility of results, an accomplishment difficult 
to achieve when the quantity of ammonium sulfate to be added in each 
fractionation is determined by the degree of saturation. Therefore, this 
method of concentration seems to be more satisfactory than the customary 
procedure (3) which is based on the addition of ammonium sulfate to 
specified degrees of saturation. 

Sjmthetic polysaccharide was prepared by incubating about 280 units 
(as determined by our method) of purified potato phosphorylase in 0.25 m 
citrate buffer at pH 6.2 with 12.5 gm. of dipotassium glucose-l-phosphate 
dihydrate at 37®. The total volume of the reaction mixture was about 
250 ml. The insoluble polysaccharide that formed was centrifuged off 
after about 24 hours, washed several times tvith water and then with 
alcohol, and dried at 70°. The yield was 3.2 gm. or 62.5 per cent of the 
quantity theoretically possible at that pH. The nitrogen conten,t could 
not have exceeded 0.48 per cent, because the added phosphorylase con- 
tained only 15.4 mg. of nitrogen. 

The linear fraction of com-starch (amylose) was prepared according 
to the method of Schoch (5). 

Modification of Green and Stumpfs Method for Determination of Phos- 
phorylase Activity — ^According to Green and Stumpf (3), the acthdt} of 
potato phosphorylase is directly proportional to the concentration of the 
enzyme even when the activity is great enough to liberate approximate!} 
1 mg. of inorganic phosphorus per 3 minutes. When the reaction is allowed 
to run 5 to 10 minutes, as recommended for their method, the total amount 
of phosphorus liberated will be, by calculation, about 1.7 to 3.3 mg., if 
the reaction is strictly linear under such conditions. Since the total amount 
of phosphorus furnished by the glucose-l-phosphate used in their deter- 
minations is only 3.1 mg., and at equilibrium not more than 80 per cent 
can be inorganic, it is obvious that the permissible enz}me concentration 
must be more precisely defined. 
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Figs. 1 to 4* show the effects of enzyme concentration, temperature, 
added polysaccharide, and glucose-l-phosphate concentration on the 



Fro. 1 Fio. 2 

Fig. 1. Rate of phosphorus liberation per 3.6 ml. of reaction mixture with varying 
concentrations of purified phosphorylaee. Curve 1, eoneentrated enxyme solution; 
Curve 2, 1:10 dilution of concentrated solution; Curve 3, 1:25 dilution; Curve 
4, 1:25 dilution less blank. 

Fro. 2. Effect of temperature on rate of phosphorus liberation by purified phos- 
phorylase. Curve 1, incubation period of 5 minutes; Curve 2, incubation period of 
10 minutes. 



Fro. 3 Fjg. 4 

Fio. 3. Effect of added polysaccharide activator on phosphorylase activity (solu 


ble starch, Merck). 

Fig. 4. Effect of glucose-l-phosphate on activity of phosphorylase. 
represents the concentration in the reaction mixture. 


The abscissa 


rate of phosphate liberation. These data demonstrate that the ac i 
is not directly proportional to the enzyme concentration when the 
is great enough to cause the liberation of much more than 1.0 mg. o P 

> Data necessary for the preparation of Fig. 4 were obtained by Miss Elsa 
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phorus per 10 minutes (Fig. 1). Also, it is worthy of note that the temper- 
ature coefficient is approximately 2.0 at the temperature interval 10-20° 
and it approaches 1.3 at 40-50° (Fig. 2). Thus the enzyme behaves like 
many others in this respect (11). Green and Stumpf’s (3) finding that 
10 to 20 mg. of soluble starch provide for maximal activation of the enzyme 
was confirmed (Fig. 3). As shown in Fig. 5 , there is no autocatalytic 
action in the S3mthesis of polysaccharide from glucose-l-phosphate bj^ 
potato phosphorylase. 

On the basis of these data we have used as the unit of phosphoiylase 
activity that amount of enzyme which will liberate 0.1 mg. of inorganic 
phosphorus in 3 minutes from glucose-l-phosphate at 38° and pH 6.2. 
The reaction mixture is composed of 1.0 ml. of enzyme solution of such 
dilution that not more than 0.5 mg. of phosphorus will be liberated in 



Fig. 5. Hate of phosphorus liberation by purified phosphorylase. Curve 1, in the 
presence of 20 mg. of soluble starch per 3.5 ml. of reaction mixture; Curve 2, in the 
absence of added polysaccharide. 

10 minutes, 0.5 ml. of 1.0 m citrate buffer of pH 6.2, 1.0 ml. of 2 per cent 
soluble starch solution; 1.0 ml. of 0.1 m glucose-l-phosphate is added 
to the rest of the mixture after both have been brought to temperature 
equilibrium. The period of incubation is 10 minutes. The reaction is 
halted by rapid addition of 2.5 ml. of 10 per cent trichloroacetic acid, and 
phosphorus is determined on an aliquot of the reaction mixture bj' the 
Fiske and Subbarow method (12). 

Extraction of the reactants with diphen 5 dthiocarbazone (dithizone) in 
carbon tetrachloride at pH 6.2 had no effect on the activity of the enzimie. 
Also, manganous chloride, cobaltous sulfate, nickelous sulfate, thiamine, 
urea, p-aminobenzoic acid, and sulfanilamide, in moderate concentrations, 
were without effect. Thus it appears that the concentration of vanous 
heavy metals and certain common organic substances is not of importance 
in phosphorylase determinations, unless extraordinarj' quantities are 
present. 
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Effect of Acid Hydrolysis on Ability of Different Polysaccharides to Activate 
Phosphonjlasc— It was reasoned that the reported inability of s>Tithetic 
polysaccharide to act as an activator might be due to structural arrange- 
iTicnts cflusing un inadccjuiitc conccntnitioii of groupings nccssssrj^ for 
that function. It seemed likely that partial acid hydrolysis of the syn- 
thetic material, or dispersion with alkali, might produce active substances. 

A typical experiment with acid is described. After correcting for asb, 
2.5 gm. of starch were suspended in 18 ml. of water in a 50 ml. voliunetrie 
flask. The flask and contents were chilled and then concentrated hydro- 
chloric acid, also chilled, was added to the mark. The mixture was agitated 
continuously until all the polj'saccharide was in solution. This required 
3 to 4 minutes. The temperature was kept at 27°. At the end of 5 minutes 
the first sample, 1.0 ml., was removed and transferred to a 10 ml. volu- 
metric flask in which had been placed nearly enough 1.G5 n sodium hydrox- 
ide to neutralize the acid. By adding small amounts of sodium hydroxide 
the neutralization was quickly completed and water was added to the 
mark. Constancy of pH in subsequent neutralized samples was assured 
by transferring l.O ml. aliquots (equivalent to 5 mg. of starch) to test- 
tubes, each containing 0.5 ml. of the citrate buffer at pH C.2. The acti- 
vating power was determined as described earlier, with the neutralized 
samples in place of soluble starch in the test mixtures. 

As indicated in Figs. G and 7 the activating ability of the hydrolyzing 
polysaccharide solutions increased progressively to a maximum and then 
gradually' declined. The reducing value (copper) of the solutions became 
maximal after all activating ability' had been lost. The iodine-staining 
reaction of the hydrolysates disappeared by' the 4th to 9th hour. The 
achromic point was reached quickest by' hydrolyzing corn-starch and 
slowest by the linear component of com-starch (nmylose). The activating 
ability began to decline almost simultaneously udth disappearance of 
the iodine color reaction. Potato and arrowroot starches, when similarly 
treated, gave almost identical results to com-starch (Fig. 6). 

Higher concentrations of acid caused the maximal activating effec 
to be reached sooner, and, in other respects also, the effects on the poly- 
saccharides were telescoped. This is shown by Fig. 7 which su^an^ies 
an experiment in which the normality of the acid solution was 
to 10.1. All other conditions were the same as previously desen 
Under such conditions the achromic point was reached in less than 2 oiira 
and the activating ability passed from a high value to almost zero m 


than 5 hours. . .„j.g 

In some other experiments the partially hydrolyzed j 

tested in concentrations of 0.5 mg. per determination The 
results have been reported briefly (9). They show that each 
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attains approximately the same level of activating power, but it requires 
a shorter period of hydrolysis for the corn-starch to reach maximal activity 
than the essentially pure amyloses, “s5mthetic” potato starch, and Schoch’s 
butanol-insoluble fraction of com-starch. 

The data indicate that activation of potato phosphorylase is not de- 
pendent upon branched chain polysaccharides, because the partial hydrol- 
ysis of synthetic polysaccharide and the butanol-insoluble fraction of 
com-starch yields activators as effective as similarly treated natural 
starches that are rich in branched chain glucose units. Also, the results 
nith achroodextrins suggest that the carbohydrate activator of potato 



Fig. 6 



Fio. 6. Effect of hydrolysis by 7.2 N HCl on the activating power of corn-starch. 
The abscissa represents the length of hydrolysis of the polysaccharide; the ordinate, 
the rate of phosphorus liberation in the presence of 5 mg. of hydrolyzed poly- 
saccharide. 

Fig. 7. Same as Fig. 6, except that 10.1 n HCl is used. 


phosphorylase need not contain more than 7 or 8 glucose residues per 
molecule, because Hanes and Cattle (13) have reported that polysac- 
charides may be fragmented to dextrins which appear to contain onb' 
7 to 8 glucose units before giving an achromic iodine test. Tlius it seems 
probable that purer synthetic amylose could be obtained b3’^ means of 
partially acid-hydrolj'zed amylose as the activator of potato phosphorj’lase. 
The preparations made bj"^ present methods are impure (4). 

Although the conditions employed for acid hj'droh’sis maj’ cause the 
condensation of some glucose into branched chain structures (14) it docs 
not seem possible that this could account for the enzj-me activation, because 
the latter effect subsides and eventually disappears, whereas the conden- 
sation products remain. 
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Effect of Alkali on Activating Ability of Synthetic Potato Polyeaccharide- 
To 50 mg. of the synthetic material suspended in about 5 ml. of water 
1 drop of concentrated potassium hydroxide was added. The polysac- 
charide dissolved almost immediately. The solution was quickly neu- 
tralized with hydrochloric acid and diluted to 10.0 ml. The activating 
ability was found to be within the range of com-starch hydrolyzed with 
hydrochloric acid for 10 minutes (Table I). After 48 hours extensive 
retrogradation had occurred and the supernatant solution was scarcely 
more active than a saturated aqueous solution of untreated synthetic 
polysaccharide. 

Degree of Acid Hydrolysis of Activating Polysaccharide and Iodine Color 
Reaction of Synthesized Products — The unexpected results of a lecture 
demonstration led us to consider the effect of the activator polysaccharide 
on the nature of the synthesized product as indicated by the reaction of 


Table I 

Effect of Potassium Hydroxide on Activity of Synthetic Potato Polysaccharide 


TftfttatDt 

l&orguuc P liberated in W laiQ* 

Saturated solution of polysaccharide 

0.031 

Diapersed in potassium hydroxide and neutralized 

0.130 

Same after 48 hre 

0.047 

Blank (no polyeaccharido added) 

0.015 


the latter with iodine. Sumner et al. (8), in a preliminary note, reported 
that “the nature of the product synthesized from Cori ester by plant 
phosphorylase depends upon the kind and amount of carbohydrate added 
to prime the reaction.” 

Two sources of activator polysaccharides were used, the non-dialyzable 
dextrins from fat-free com-starch which had been hydrolyzed to the 
achromic point with hydrochloric acid, and synthetic polysaccharide 
hydrolyzed in stages ranging from 5 to 750 minutes. The dex-trins vene 
prepared by neutralizing the hydrolyzed starch with sodium hydroxi e, 
dialysis until free from chlorides, concentration in vacuo to a small yolum^ 
and then precipitation mth methanol. The precipitate was dned an 
used in the concentrations given in Table II. To deterrome the ac - 
vating ability of the dextrins and partially hydrolyzed synthetic p y^ 
saccharide, the same methods were used as described 
the end of the incubation periods, ranging from 5 to 40 minutes, 
actions were stopped by adding 0.2 ml. of 0.5 per cent 

cent potassium iodide. The absorption charactensbes of the 
samples were studied by means of a Coleman specteophotome 
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As indicated in Table II the color formed by iodine and the carbohydrate 
synthesized during the first few minutes tended to be about the same as 
that given by iodine and the activator polysaccharide, even though the 
latter ranged from blue to colorless, depending upon the degree of acid 
hydrolysis it was subjected to. However, prolongation of the polysac- 
charide-synthesizing reaction results in products that stain blue with 
iodine irrespective of the character of the activator. One possible ex- 
planation seems to be that the synthesis is essentially the formation of 
amylose tyrpe chains in combination with the activator polysaccharide, 
somewhat as suggested by Cori et al. (7), and that, within limits, the length 


Table II 

Degree of Acid Hydrolysis of Activating Polysaccharide and Iodine Color Reaction of 

Synthesized Products 



1 

Activity 


Iodine color reaction of 


Activator 


ganicP 

liber* 

Activator , 

Synthesized products formed dorm; iocu- 
oation periods of 



10 mm.) 

5 min. 

10 min. 

20 min. 

40 min. 


min. 

1 

mg. 






Synthesized 
potato poly- 

20 

0.037 

Blue- 1 
green 

Pink 

Laven- 

der 

Blue 

Dark 

blue 

saccharide 

510 

■HEIlhl 

Yellow 

Red 

Purple 

If 

1 

Blue 

hydrolyzed 

for 

750 

mg. per 
3J ml. 

■IHI^ 

it 

Yellow 

Dark 

yellow 

Laven- 

der 

Purple 

Dialyzed corn- 
starch 

0.5 


Yellow- 

brown 

Laven- 

der 

Laven- 

der 

Blue 

Dark 

blue 

dextrin 

20.0 


C( 

Yellow. 

brown 

Brown 

Brown- 

red 

Purple 


of the chain is determined by the reaction time. Thus a short reaction 
time, especially with large amounts of activator, would jneld amjdodextrins 
giving a different color with iodine than products formed by prolonged 
enzymatic action. 


SUMMARY 

A conveiuent method of concentrating phosphorylase from potatoes 
has been described. The factors of importance in determining phosphop - 
lase activity have been studied and on the basis of the results slight modifi- 
cations of the Green and Stumpf analytical method have been made. 

The ability of different polysaccharides to activate potato phosphorylase 
increases progressively to the neighborhood of the achromic point, when 
hydrolyzed with acid, and then diminis hes as hydrolysis is continued. 
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Amylose type polysaccharides, both natural and synthetic, exhibit this 
behavior as well as starches containing both branched and straight 
components. It appears probable that the phosphorylase activator need 
not contain more than 7 or 8 glucose units per molecule. Branched chain 
polysaccharides are uimecessaiy for the activation of potato phosphorylase. 

Some attempt has been made to determine whether activator poly- 
saccharides constitute patterns which regulate the nature (molecular 
weight, structural configuration, etc.) of the synthesized polysaccharides. 
The results are inconclusive. 
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A METHOD OF DETERMINING CARBONIC ANHYDRASE AC 
TIVITY BY THE USE OF XJNIMOLECULAR VELOCITY 
CONSTANTS 

Br C. A. MITCHELL,* U. C. POZZANI, and R. W. FESSENDEN 

(From the Goeesmann Chemistry Laboratory, Massachusetts State College, Amherst) 

(Received for publication, June 26, 1945) 

Recent work in this laboratory necessitated the measurement of carbonic 
anhydrase activity in the blood and reproductive system of hens. 

The method commonly used is that of Meldrum and Rough ton (1), 
who defined the unit E by the equation E = (R — Rii)/Ro where Ro is the 
reciprocal of the time taken for the second quarter of the carbon dio.vide 
to be evolved when no catalyst is present and R is the reciprocal of the 
time taken for the second quarter of the evolution when the catalyst is 
present. Unit E is a linear function of the amount of catalytic material 
added when the rate of the process is not too rapid. Meldrum and Rough- 
ton stated, however, that E is not a linear function of the amount of 
catalytic material when large amounts are present. 

It seems that the imimolecular velocity constants for the decomposition 
of carbonic acid might provide a simple method of measuring carbonic 
anhydrase activity. An effort was made, therefore, to devise another 
unit for measuring carbonic anhydrase activity. 

The rate of decomposition of carbonic acid was measured by the mano- 
metric method of Meldrum and Roughton, except that the sodium bicar- 
bonate solution used contained 0.1500 mole of sodium bicarbonate and 
0.0222 mole of so'dium hydroxide per Hter of solution. Measurements 
were made at 15°. 

Velocity constants were calculated by the method of Guggenheim (2), 
which has the advantage that each obsen'ation is used only once, and it 
is not necessary to follow the reaction to completion. Pressure readings 
tCi, X2, ... were taken at equal intervals of time (twelve readings at 
15 second intervals in this case). The first reading was taken 30 to 45 
seconds after mixing. The readings were paired for 90 second inteia'als 
and differences taken; f.e., (xr — Xi), (xs — X:), ■ ■ • (xn — xj). The velocitj' 
constant was obtained by plotting the common log of the differences against 
time. The slope of the line multiplied by 2.303 gives the velocity constant. 
A typical graph is shown in Fig. 1. 

The amount of enzjmie acthity was found by measuring the velocity 

‘Present address. Sun Oil Company, Experimental Division, Norwood, Penn- 
sylvania. 
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constants for the imcatatyzed and catatyzed reactions. The acth-it}' is 
expressed by the unit kj, defined by the equation, /.-j = (H-, - U)/C, 
where he equals the velocity constant of the catalyzed reaction, h equals 
the velocity constant of the uncatalyzed reaction, hi equals the increase 
in the velocity constant per unit of catalyzed material, and C equals the 



Fig. 1. Graphical method of calculating velocity constants. The dope of fie 
line multiplied by 2.303 gives the value of k. The dotted line is for the uncatalyzeo 
reaction; the solid line, for the catalyzed reaction. 

concentration of the enzyme. This wiD be proportional to the volume 
of liquids or weight of solids containing the enzyme, and may be expresse 
in terms of ml. of liquids or gm. of solids. , 

The unit kj is a Imear function of the actmty of the enzyme a 
concentrations studied. This statement is illustrated in Fig. 2, in w 
the value of (h — ho) is plotted against the ml. of blood used to supp y 
carbonic anhydrase. 
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AMien the carbonic anhydrase activity of a sample of blood was cal- 
culated by the two methods, from the same kinetic data, Meldrum and 
Roughton’s method gave a value oiE = 325 units per ml. of blood, whereas 
this method gave a value of ki — 2.08 units per ml. of blood. 



Fig. 2. The relation between the increase in the velocity constant (fc,— to) and 
the concentration of the ensyme. 

This method has given good results with two different observers. The 
value of kd for hen blood varies from 2 to 5 units when the concentra- 
tion is expressed in ml. of blood. 

The authors are indebted to Dr. Marie S. Gutowska for tier cooperation 
in this work. Thanks are also due to the Poultry Department of the Mas- 
sachusetts State College for supplying the hens used in this investigation. 
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GROWTH INHIBITION BY ANALOGUES OF 
PANTOTHENIC ACID 

III. N-PANTOYLALKYLAMINES AND RELATED COMPOUNDS* 

BY WILLIAM SHIVE AND ESMOND E. SNELLf 

(From The University of Texas, Biochemical Institute, and the Clayton Foundation for 

Research, Austin) 

(Received for publication, June 27, 1945) 

In Paper I of this series (2), it was shown that N-pantoylethylamine and 
N-pantoyl-n-propylamine inhibited growth of LeuconosCoc mesenferotdcs 
P-60, and that this inhibition was not apparent in the presence of excess 
pantothenic acid. Since the n-propylamide was twice as effective as an 
inhibitor as the ethylamide, the preparation of additional alkylamides of 
the same type was undertaken. In addition, a number of other related 
compounds have been prepared. The preparation of these and their effect 
on several microorganisms which require pantothenic acid for growth are 
described below. 


EXPERIMENTAL 

dl-N-Panioylalkylamines — To 1.3 gm. of df-pantolactone, an excess of 
10 per cent over the calculated quantity of alkylamine was added. The 
reaction mixture became slightly warm in all cases and was then heated 
with occasional stirring at 100-110° for 2 hours at atmospheric pressure and 
for an additional 2 hours under reduced pressure to remove unchanged 
reactants. The yields of crude viscous products amounted to 85 to 95 
per cent of the theoretical based on the lactone. On standing overnight 
only df-N-pantoylisoamylamine crystallized and was recrystallized from 
ether containing a small amount of absolute alcohol. Each of the re- 
maining products was dissolved in 5 cc. of ether and allowed to stand in a 
refrigerator overnight. dZ-N-Pantoylisobutylamine and dZ-N-pantoyl- 
isopropylamine, which crystallized by this procedure, were recrj'stallized 
from ether. Small amounts of the viscous oily material from the pre- 
paration of pantoyl derivatives of sec-butylamine, n-butylamine, and 
n-amylamine covered unth petroleum ether crj’^stallized after standing for 
several days in a refrigerator. Upon addition of petroleum ether to ether 
solutions of the compounds and seeding ^dth the crj'stals obtained in this 
way, the three compounds crj'stallized and were recrj'stallized from ether- 
petroleum ether. The derivative from n-heptj'lamine could not be induced 

* For Paper II of this series see Shive and Snell (1). 

t Present address, Department of Biochemistry, University of Wisconsin, hladison. 
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to crystallize by any of these methods and was subsequently distilled 
under a pressure of 10“® mm. with an outside bath temperature of 123-128°. 
All of the other derivatives crystallized as colorless prisms, melting as 
listed in Table I. Two isomers would be expected from sec-butylamine; 
so the mother liquor from the first crystallization was evaporated to obtain 
a viscous liquid which was dissolved in petroleum ether containing a small 
amount of ether. On cooling and seeding, more of the least soluble product 
was obtained. The mother liquor was again evaporated to obtain a viscous 
oil which was heated under reduced pressure to remove the solvent. This 
residual material was tested together with the crystalline material to 
determine whether there was any great difference in their inhibitory 
properties. 

dl-N-Panloyl-p-Mcthoxyclhylamine — j3-Methoxyethylamine was con- 
densed TOth dZ-pantolactone as described above. After all attempts to 


Tabix I 

dl-N-Panloylalkylamines 


Compound 

M.p. 

Formula 

alcuUtea 

1 N 

i hasA 

dl-N-Pantoylieopropylamino 

C! 

50.5-52.6 

C,H„0,N 

ptr (tnt 

7.40 


dl-N -Pantoyl-n-butylamine 

51.6-53.4 

CioHitOiN 

6.89 


dl-N-Pantoyliaobutylamine 

65.0-67.0 

CioHhOiN 

6.89 


dl-N-Pantoyl-see-butylamine 

63.0-56.0 

C,oH„0,N 

6.89 


dl-N -Pantoyl-n-amylamine 

43.6-45.0 

1 CiiHjiOjN 

6.45 


dl-N-Pantoylisoamylamine 

76.0-78.0 

C„H»0,N 

6.45 


dt-N-Pantoyl-n-heptylamine 

Liquid 

CiiHnOjN 

5.71 

O.io 


obtain a crystalline product failed, the product was distilled^ under a 
pressure of 10~' mm. at an outside bath temperature of 120-125 . 


Analysis — CgHuOiN. Calculated, N 6.82; found, N 6.90 


dl-N-Panloyl-d-phcnyleihylaminc — The condensation of df-pantolactone 
with ;8-pheny]ethylamine was carried out as described above. The t 
liquid product was dissolved in ether and on cooling crystallized rea • 
After recrystallizing from ether containing a small amount o a so 
alcohol, the colorless prisms melted at 89.6-91.0°. 

Analysis— Ci.HjiOiN. Calculated, N 6.67; found, N 5.77 


dl-Ponfolhcnonfinte— ;?-Aminopropionitrile was prepared 

ium hydroxide and acrylonitrile by the method of Buc, ’ -j^gpro- 
i) A solution of 5.2 gm. of df-pantolactone and 2.8 gm. ^ 
ionitrile in 15 cc. of eLr was refluxed for 2 hours. The ether was 
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moved from the oily layer by distillation and was replaced by petroleum 
ether. On cooUng, the oily layer covered \vith petroleum ether gradually 
crystallized. The crystals, filtered and washed with cold petroleum ether, 
weighed 7.6 gm. and constituted a yield of 95 per cent of the theoretical. 
Recrystallization from chloroform gave colorless prisms, m.p. 67.0-68,5°. 

dl-Paniothenylamine — Hydrogenation of 4.5 gm. of pantothenonitrile 
in 30 cc. of absolute ethanol was effected with Raney’s nickel catalyst in a 

Analysis — CtHuOjNi. Calculated, N 13.99; found, N 13.75 

Table II 


SuscepliMity of Leuconosloc mesenleroides P-60 to Inhibition by Pantothenic 

Acid Analogues 

Incubated 20 hours at 30°. 


Inhibitor 

Mohr ratios (analogue to panto- 
thenic acid^ for maximum 
inhibition 

dl-Pantothenyl alcohol 

350 

dl-N-Pantoylethylamine 

10,000* 

dl-N-Pantoyl-n-propylamine 

5,000* 

dJ-N-Pantoyl-n-butylamine 

750 

dl-N-Pantoyl-n-amylamine 

1,500 

d!-N-Pantoyl-n-heptylaminet 

2,000 

dl-N-Pantoylisopropylamine 

25,000 

dl-N-Pantoylisobutylamine 

2,600 

dl-N-Pantoylisoamylamine 

5,000 

dl-N-Pantoyl-sec-butylamine (ra p 53-56°) 

75,600 

dJ-N-Pantoyl-sec-butylaminet 

75,000 

df-N-Pantoyl-/3-methoxyethylaraine 

4,000 

dZ-N-Pantoyl-p-phenylethylamine 

15,000 

df-Pantothenonitrile§ 

10,000 

d!-Pantotheiiylaimne§ 

40,000 


* Data from previous work (2) 

t Irreversibly toMc at levels greater than 10 mg per 10 cc. 
t Sample obtained from solvent in crystallizing the stercoisomeric form, m p. 
63-56°. 

§ Sterilized by filtration and added aseptically to sterilized medium, 

glass-lined bomb at a pressure of 2000 pounds per sq. in. and at a temper- 
ature of 80°. After filtering the catalyst from the solution and remo\ ing 
the ethanol by first distilling under atmospheric pressure and finallj under 
reduced pressure, a product vas obtained which contained 4.04 per cent 
amino nitrogen 0'’an Slyke). This represents a purity or yield of 59 per 
cent. All attempts to obtain a crystalline product failed; the product vas 
therefore molecularly distilled under a pressure of lO"* mm.-with a bath 
temperature of 115-120°. Higher temperatures must be avoided, since 
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they cause decomposition of the amine, as evidenced by an increase in 
pressure. 

Analysis— C,H„OjN (NH,) . Calculated, amino N 6 80; found, 7.24 

Testing Methods — The methods of biological testing have been pre- 
viously described (2). Temperature of incubation for Laetohacilhis ara- 

Table III 

Comparative Susceptibility of Various Organisms to Inhibition by Pantothenic 

Acid Analogues 


Molar ratios (analogic to pantothenic acid) for indicated 
mnibition of organism 


Inhibitor 

Leueonosloc tmsen- 

leroiits 

Laclobaetllus araii 

nosus 17-S 

ZoeioisetUus COSO 


mif 


Half 


Half 

Mail- 


maxi* 

mum 

mum 

maxi- 

mum 

mum 

mum 

mura 

dl-Pantothenyl alcohol 

175 

350 





df-N-Pantoyl-n-propylaminc 

1,500* 

5,000* 





dl-N-Pantoyl-n-butylaminc 

350 

750 

B|^ 

7,500 



df-N-Pantoyl-n-amylamino 

600 

1,500 

B|^ 

»nm:i3 



dl-fi -Pantoyl -n-heptylaminot 

450 

2,000 


■HER 

KffiU 

R^ 


dl-N-Pantoylisoamylamino 

2,500 

5,000 


Kjawi 



dl-N-Pantoyl-P-phcnylethylarainc.. 

5,000 

15,000 

EE 


BE 



* Data from previous work (2). 

t Irreversibly toMC at levels greater than 10 mg per 10 cc. oi media. 


Table IV 

Effect of Incubation Time on Inhibition of Lactobacillus casei by Pantothenic 


Incubation tune 

1 

Inhibition 

iMolar taUos (analogue to panMli“ic aod) 

I for indicated inhibition 

(f/'PoDtothenyl 

al^hol 

rf;N-PantO}l 

Tj aniyU®*o® 

/m 

17 

Half maximum 

2,500 

750 


Maximum 

15,000 

5,000 

2,500 

12.500 

2.500 
50,000 

2S 

Half m.aximura 

5,000 


Maximum i 

33,000 

06 

Half maximum 

5,000 


Maximum 

90,000 


Unosus 17-5 and Leueonosloc mesenteroides P-60 was SO , mr jj 
casei 37°. The time of incubation was 20 hours unless otherwse 
The data in Tables II, III, and IV weie obtained by adding 0.^ Y 
cium pantothenate per 10 cc. of medium and varying the ^ 

hihitor to determine the molar ratios at which growth nas m i 
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Results — ^From previous work (2), growth of Leuconostoc mesenteroides 
was known to be sensitive to inhibition by several N-pantoylalkylamines 
similar to those described above. This organism was used as the initial 
test organism for all the new compounds. Results of these tests are listed 
in Table II. The results are expressed as “molar inhibition ratios”; i.e., 
the ratio of the molar concentration of the inhibitor to that of calcium 
pantothenate at which maximum inhibition of growth resulted. Under a 
standard set of conditions, this ratio is constant over a rather wde range 
of concentration of pantothenate. This is usually characteristic of com- 
petitive inhibition. Of the analogues listed in Table II, six were studied 
further with Lactobacillus arahinosus and Lactobacillus casei as the test 
organisms. The results of these tests are given in Table III. At levels 
above 10 mg. per 10 cc., growth inhibition by dl-N-pantoyl-n-heptylamine 
was not prevented by increasing the concentration of calcium pantothe- 
nate. This was the only instance in which an irreversible toxicity was 
observed. Inhibition by this substance, too, was competitive at con- 
centration levels below this limiting value. The effect of increasing the 
time of incubation on the molar inhibition ratios obtained is shown in 
Table IV. 


DISCUSSION 

Inhibition of growth of several organisms which require pantothenic 
acid is produced by each of the compounds described above. This in- 
hibition is similar to that previously described for other analogues of 
pantothenic acid (1,2), since it is counteracted specifically by pantothenic 
acid, and becomes apparent only when the ratio of analogue to pantothenic 
acid surpasses a critical value. This competitive relationship exists over a 
wide range of concentrations. Only with N-pant 03 'l-n-heptylamine was 
irreversible toxicity observed, and this only at high levels. 

The susceptibility of any given organism to inhibition bj' the various 
compounds varies markedly vith structure, even with such similar com- 
pounds as the N-pantoylalkjdamines. As previouslj" noted with other 
analogues (1, 2), the comparative potencies of members of a series of in- 
hibitors for one organism cannot be predicted from a knowledge of their 
comparative potencies for another oiganism. For Leuconostoc rncscntcr- 
oides, none of the alkylamides was as effective as pantothenjd alcohol. 
Their effectiveness increased considerably as the length of the alkjd group 
was increased to 4 carbon atoms, then slowlj’ decreased. In all cases, a 
compound containing a branched alkjd group was less active than its 
isomer containing the 7!-alk\’l group. 

For Lactobacillus arabinosus and Lactobacillus casci, several of the alkj'l- 
amides were more effective inhibitors than pantothem'l alcohol; neither 
organism is as sensitive to any of these analogues as to some others which 
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are available (1, 2). No definite trend in efifectiveness with increasing 
chain length is apparent with these organisms, for both the n-propyl- and 
the n-heptylamides are more effective than the intervening members of the 
series. The effectiveness of the n-heptylamide may be connected with its 
low solubility in water. At high concentrations (I mg. per cc. of medium) 
it alters the surface tension of the medium rather markedly; its irreversible 
toxicity at those higher levels may be connected with this behavior. 

In general, pantothenonitrile, pantothenylamine, and N-pantoyl-;S-phen- 
ylethylamine were rather poor inhibitors for the organisms tested; thus 
substitution of negative groups for the carboxyl group of pantothenic acid 
does not seem to produce especially effective inhibitors. Unless special 
precautions are taken, pantothenonitrile hydrolyzes to peld suffitaent 
pantothenic acid to mask its inhibitory properties. N-Pantoyl-^-methoxy- 
ethylaminc was only slightly more effective than N-pantoyl-n-propyl- 
aminc. 

From the data of Table IV, it is evident that the amount of analogue re- 
quired to inhibit growth increases wdth the time of incubation. This is 
’especially true if one determines the amount necessary just to prevent 
visible growth; the amount which permits half maximum growth is much 
less variable. Similarly, values for the ratios listed vary slightly with the 
amount of inoculum used, its age, and other factors. Under constant 
conditions, however, the values arc rather reproducible. 


Micro-Dumas and Van Slyke analyses were carried out by Gwyn White 
Shive. 


SUMMARY 

Preparation and physiological properties of a series of df-N-pantoyl 
alkylamines, and of rff-N-pantoyl';8-metho.\yethylamiDe, dl-N -pantoy - 
|3-phenylethylamine, df-pantothenonitrile, and df-pantothenylamine are 
reported. All of these compounds inhibit growth of various organisms 
which require pantothenic acid; the inhibition is competitive in natiwe, an 
is specifically alleviated by excess pantothenic acid. The compounds ' aU 
markedly in inhibitory properties for a single organism; similar y, ^ 
relative potencies of members of a series of compounds differ mat -e y 
for different organisms. These results confirm and extend those o ame 
previously ivith other inhibitory analogues of pantothenic acid (1> > 
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THE PREPARATION AND BIOLOGICAL ACTIVITY OF SOME 
RIBOFLAVIN DERIVATI\"ES 


Bt M. F. FUBTER, G. J. HAAS, and SAUL H. RUBIN 
{From the Pharmaceutical Division, Hoffmann-La Roche, Inc., Nutley, New Jersey) 

(Received for- publication, June 29, 1945) 

The quest for soluble derivatives of riboflavin has resulted in the descrip- 
tion of several compounds of this nature. Relatively few of these have 
been well characterized, however, from the standpoint of biological or 
microbiological activity, due, in part, to the circumstance that some of 
these preparations were described before the advent of refined assay 
methods. Snell and Strong (1) reported careful microbioassays of a 
number of S 3 mthetic flavins, which had been prepared ’and bioassayed in 
various laboratories. They concluded that “insofar as the selection of 
active or inactive compounds is made the basis for comparison, the cor- 
relation between the rat assaj' and the present bacterial test seems rather 
close. A comparison of the degree of activity is at present rendered im- 
possible by the paucitj' of data concerning the relative potency of the 
various active flavins on rats.” We have found no later efforts ivhich 
attempt to relate these types of assay to flavin structure. The present re- 
port concerns such comparative measurements on a number of soluble 
riboflavin derivatives. 

The riboflavin molecule offers two general possibilities for ready sub- 
stitution, viz. in the ring at the imino nitrogen or in the ribose chain. The 
former possibility was explored by Kuhn and Rudj' (2), who found that 
such compounds were biologically inactive and did not fluoresce. Sub- 
stitution in the ribose chain, however, can result in biologically active 
derivatives. Those which have been described can be classified into two 
main groups, esters and acetals. Included among the esters which have 
been described are the phosphate (3-5), acetates (4, 6-8), borate (9), and 
tetrabenzoate (9). The phosphate and acetates were shoum to be biologi- 
cally active, but no tests for activitj' are recorded for the boric acid and 
tetrabenzoic acid esters. The present report presents data on the prep- 
aration and activity of succinic acid esters. Included among the acetals 
are the mono- and diacetone derivatives described bj' Kuhn ct al. (10), «ho 
claimed that the diacetone compound is active (6). It will be sho^Ti in 
the present report that two other compounds of the acetal type, obtained b\ 
condensation of chloral and Of levulinic acid with ribofla^■in, ha\ e no \ ita- 
min activity. 

Preparation of Compounds— A detailed account of the methods of prep- 
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aration will be found in the experimental section. Essentially, the succinic 
acid esters were prepared by condensation of riboflavin with succinic anhy- 
dride in pyridine. The extent of substitution was controlled by varjnng 
the molecular ratio of succinic anhydride to riboflavin from 1 to 4.* 

The acetals were made according to a procedure of Coles, Goodhue, and 
Hixon (11) for the preparation of chloraloses, in which a polyhydroxy 
compound (riboflavin) is treated in sulfuric acid solution with excess al- 
dehyde or ketone (chloral, levulinic acid). 

Assay Methods — All compounds were assayed by fluorometric (12), micro- 
biological (13), and biological (rat)(14) procedures. For bioassay, Labco 
rice polish was substituted for ihe rice bran concentrate used by Street (14). 


Table I 

Effect on ItlicTobioassays of Autoclaving Riboflavin Succinates with Medium Fersus 
Filtration through Glass Bacterial Filters 
All values are given as per cent of riboflavin in the compound. 


, ' Treaiment 

Method of measurement 

Suoefnate 


Mono- 

Di- 

Tri- 

Tetrs- 

f 1 

Auloclftved 20 min. 

Turbidimetric 

62 

33 

11 

5.3 

at IS lbs. 

Titrimetric 

63 

33 

12 

5.5 

Filtered through 

Turbidimetric 

43 

13 

0.0 

0.0 

glass 

Titrimetric 

46 

14 

0.0 

0.0 


In order to minimize hydrolysis of the compounds studied, the following 
precautions were obsertmd. 

The solutions of the compounds were prepared at room temperature. 

The final solutions used for microbioassay were prepared aseptically by fil- 
tration through fritted glass bacterial filters.- Aliquots of these filtrates 
were then added by sterile pipette to the autoclaved medium. Comparative 
trials by this and the orthodox autoclave method (Table I) showed dis- 
tinctly higher values bj' the latter, which can be ascribed only to hydrolysis. 

The microbioassays were read both after 1 day at 37° (turbidimetric) 
and after 3 days (titrimetric) in order to ascertain whether the longer 


1 This method of preparation provides no guarantee of the homogeneity of the 
di- and trisuccinates, but rather a predominance of one particular homologue. 
The presence of small amounts of other homologues does not vitally affect the validity 
of the vitamin assays by the various methods, but may exert considerable influence on 
the solubility measurements. Solubility data are presented nevertheless becaus 
replicate preparations of the compounds gave results of the same order of mag- 


! Seits filters were tried first. It was found that considerable adsorption of 
various flavins occurred on the Seitz filter pads. Filtration of large \ 

solutions provided no relief, since the pads displayed an extensive capacity f 


sorption. 
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incubation at 37° caused anj' hydrolysis. As shown in Table I, no ap- 
preciable effect was found for the succinate derivatives. These data also 
show that the rate of utilization of the active compounds by Laclobacillm 
casei was the same as for riboflavin, even though the extent of utilization 
did not reach theoretical values for any of them. 

Activity of Riboflavin Succinates — ^Fig. 1 shows the levels of response 
obtained with the three assay methods in relation to the extent of sub- 
stitution with succinic acid. The fluorometric values are in good agree- 
ment with the theoretical in all cases, and hence can serve as a measure of 
the concentration of these compounds. Bioassaj’’ showed the mono- 



succinate to be full5’' active,’ the disuccinate partially active, the tri- 
succinate slightly active, and the tetrasuccinate completelj' inactive. 
The microbiological values ran parallel to but distinctly lower than the 
biological. 

The biological inactivity of the tetrasuccinate, which we obseived in 
both curative and prophylactic trials, maj' be contrasted with the reported 

’ The monosuccinate was found to be fully active both when administered by 
mouth and by intramuscular injection. The di- and trisuccinates were tested bj 
feeding only, while the tetrasuccinate was found to be inactive both by mouth and by 
injection. 
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activity of the tetraacetate (15). The inactivity of the latter for lactic 
acid bacteria (1) suggests that its activity in the rat is due to hydrolysis in 
the animal. It would appear, therefore, that the tetrasuccinate is not 
hydrolyzed by the rat to the more active lower homologues or to riboflavin. 

It is more difficult to interpret the low microbiological results, partic- 
ularly with regard to the monosuccinate, which is completely active by 
bioassay. In an attempt to explain these data, the following aspects were 
studied on the monosuccinate but found not to influence the low values. 
(1) The age of the culture. Rapidly gro\ving, young cultures, obtained 
by serial daily transfer for 5 days, gave the same response as an older 
culture transferred from stock 24 hours before use, the stock culture being 
transferred monthly. (2) The presence in the riboflavin standard of 
succinic acid in amounts equal to or twice as great as the amount which 
would be derived from the monosuccinate on complete hydrol 5 ^is. (3) 
Enzyme treatment with 2 per cent of clarase (16). How'ever, complete 
hydrolysis leading to theoretical riboflavin values was achieved by heating 
n N HCl at 100° for 30 minutes. Complete hydrolysis was also obtained 
oy heating in 0.1 x HCI at 15 pounds pressure (122°) for 30 minutes, which 
s the extraction procedure of the United States Pharmacopoeia (17). 

Since we have been unable to elicit any analytical cause for the low 
nicrobiological responses, we must conclude for the present that these 
uccinate derivatives cannot be utilized as fidly by Lactobacillus casei as by 
he rat. There is some precedent for this finding in the work of Snell and 
Strong (1), who found that four of a group of thirteen flavins examined 
supported growth of Lactobacillus casei or Streptococcus faecalis as the sole 
source of flavin. Of these four, only one, however, 6-ethyl-7-methyl-9- ♦ 
(d,l'-ribityl)-isoalloxazine, approached the activity of riboflavin, while 
the other three showed lower quantitative responses. From the stand- 
point of bioassay, however, all four were classified as “active on rats. 

The similarity ends there, since none of the four had substituents in the 


ribose chain. 

Solubility of Riboflavin Succiiiates — Solubility w’as determined by me- 
chanical shaking wuth excess solute at 25° for 10 hours, filtering, and de- 
termining the concentration of solute in the filtrate by the fluorometric 
method; as previously noted. Fig. 1 show's that the fluorometric assay is 
adequate for this purpose. Fig. 2 demonstrates the marked increase m 
solubility in ivater that occurs as the number of succinate substituents 
increases. Since these compounds have free carboxyl groups, salts may 
be prepared. It was found that the sodium, monoethanolamme, an 
diethanolamine salts were even more soluble than the corresponding ^ters. 
Since riboflavin monosuccinate is the only member of the senes whic 
fully active by bioassay, the solubility of this compound and its sou 
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salt were studied more extensively. Representative data are shown in 
Table II. 

Aceials — The condensation products of liboflavin with chloral and with 
levulmic acid were fluorescent but completely inactive by both microbio- 
logical and biological assays. The inactivity of these acetals may be con- 



Fia. 2 
Tabi,b II 

Solubility of Riboflavin Monosuccinale in Various Solvents at SB° 


All values are expressed in terms of riboflavin, mg per 100 cc 


Solveat 

Kiboflavm 

Kibofl&vin mono* 
succiaate 

Sodium wit ofribo* 

fla\m mono5uccmate 

Water 

11 

mmmm 

250 

Ethanol (95%) 

4 5 


24 

Glycerol 

25 


SMI 

Propylene glycol 

22 

250 

5R0 


trasted with the claim (6) that diacetone riboflavin is biologically acti\ e, 
the latter being the only acetal for which activity has been reported, 
We were unable to find the data upon which Kuhn (6) based the claim for 
diacetone riboflavin, and hence must resen e judgment on relationships 
among acetals as a group 
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EXPERIMENTAL 

Hihojlavin-Monosuccinatc — 1 gm. of riboflavin was refluxed with 300 nig. 
of succinic anhydride (1.1 moles) in 200 cc. of drj^ pyridine. The mixture 
became homogeneous after 2 to 2.5 hours; heating was continued for 1 
hour ttiereafter. The pyridine was then distilled off in vacuo; the residue 
was completely freed of pyridine by drying in vacuo at 100°, and then re- 
crystallized from water. 800 mg. of a yellow substance were obtained, 
melting at 245°, corrected, with decomposition. 

jinalysis — C-iHjtOjNi 

Calculated. C 52.91, H 5.05, riboflavin 79.0 

Found. 52.55, *■ 5,.19, “ (fluorometric) 78 

* 

Riboflavin Disnccinatc — 2 gm. of riboflavin were refluxed with 1.2 gm. of 
succinic anhydride (2.2 moles) in 80 cc. of dry pyridine for 3 hours. The 
pyridine was distilled off in vacuo and the residue recrystallized from water. 
2 gm. of yellow substance resulted, m.p. 223°, corrected, with decomposition. 

Analt/sis— C. j»Hj(OisN 4. Calculated. C 52.06, H 4.90, X 9.72, riboflaviu 65.2 
Found. •' 51.72, “ 5.50, “ 10.00, (fluorometric) 6S 

Riboflavin Trisuccinaic — 2 gm. of riboflavin were refluxed with 1.8 gm. 
(3.3 moles) of succinic anhj’dride in 30 cc. of dry pyridine for 3 hours. 
The pyridine was distilled off in vacuo, and the residue dissolved in absolute 
ethanol and precipitated with ether. 2.4 gm. of a yellow solid were ob- 
tained, which were redissolvcd in absolute ethanol and reprecipitated m'th 
ether. The substance melted at 120-132°. 


/lna(!/,sis— CjsHj.OisNi. Calculated. Riboflavin 55.6 
Found (fluorometric) 56 

Riboflavin Tclrasuccinatc — 2 gm. of riboflavin were refluxed ivith 
(4.4 moles) of succinic anhydride in 20 cc. of dry pyridine for 2 hours. ® 
pyridine was distilled off in vacuo and the residue taken up with abso u 
alcohol and precipitated with ether. 3,2 gm. of a light yellow solid were 
obtained and recrj'stallized from acetone; m.p. 112-115°, corrected. 


Analysis — CjjHsiOisNj 

Calculated. C 50.9t, H 4.68, N 7.22, riboflavin 48.5 

Found. " 50.28, " 4.76, “ 7.37, “ (fluorometric) 4S 


4' ,5'-TrichloTocihylidcnc Riboflavin — ^The method of Coles el al 
the preparation of chloraloses was followed. 17 gm. of chlor^ y 
were stirred mechanically tvith 30 cc. of concentrated suffun 
while 10 gm. of riboflavin were added in small portions, tne wn 
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kept at 17° Stirring was continued for 6 hours, and the reaction mixture 
was left in the refrigerator overnight. It was then poured into 250 cc. of 
ice water and again left in the refrigerator overnight. The precipitate was 
then filtered off, with a yield of 13.6 gm. of a yellow solid, which melted 
at 68-90°, was soluble in chloroform and acetone, and very soluble 
in methanol and ethanol. When boiled in ethanol or methanol, pre- 
cipitation occurred, due probably to the conversion of the dichloral to the 
monochloral derivative. The precipitate decomposed above 265°. It was 
moderately soluble in dioxane, slightly soluble in ethanol and methanol, 
insoluble in water. 


Analysis — CuHigOjNjCIj ‘ 

Calculated. C 44.92, H 3.78, Cl 20.96, riboflavin 74.1 
Found. " 46.52, “ 3.90, “ 20.11, “ (fluorometric) 76 

46.41 4.20 


The analytical data show that the product consists mainly of the mon- 
ochloral derivative. The high carbon, hydrogen, and fluorometric values 
and the slightly low chlorine figure suggest small admixture of riboflavin, 
which may be due to further hydrolysis of the monochloral compound. 

Condensation of Riboflatnn with Levidinic Acid — 10 gm. of riboflavin 
were stirred for 3 hours with 6.7 gm. of levulinic acid in 40 cc. of concen- 
trated sulfuric acid. The solution was then poured into 1.5 liters of water 
and the sulfuric acid precipitated with excess barium carbonate. After 
standing overnight, the mixture was warmed to 70° and the precipitate 
filtered off. The filtrate containing the barium salt of the condensation 
product of levulinic acid with riboflarin,'and some unchanged riboflavin w as 
evaporated to dr 3 mess in vacuo. The residue was dissolved in hot water, 
whence, upon cooling, 2.8 gm. of a mixture of unchanged riboflavin and 
some barium levulinic riboflavin crystallized out and were filtered off. The 
filtrate was acidified with excess concentrated sulfuric acid and the precipb 
tated barium sulfate filtered off. The filtrate was then adjusted to pH 2.7 
with sodium carbonate, evaporated to dryness in vacuo, and the re.=idue w as 
extracted with hot methanol. On cooling, 3 gm. of an extremely w-ater- 
soluble substance cry'stallized. As it still contained traces of inorganic salts, 
it was again recrystallized from methanol. 


Calculated for 4',S'-(carboxymethylisopropj’lidene)ribo- 

flavin, Cs5Ht,OJi« ..11-81 

Calculated for 2',3':4'S'-di(carboxymethylisopropyl- 

idene)riboflavin, CjtHjjOicN* — 

Found.. 10.5- 


RaeSivb 


79.3 

65.7 

73 
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RIBOFLAVIN DERTVATITES 

It is evident from these figures that the preparation represents a mixture 
of the mono and di compounds. Since the preparation was biologically 
inactive, no attempts were made to separate the components. 

W e are indebted to Dr. A. Steyermark and his staff for the microanalyses, 
and to Mr. E. De Ritter, Mr. L. Drekter, and Dr. R. L. Sohuman for 
their cooperation in carrying out the other analyses. 

STOiaiARV 

The preparation of two acetal derivatives of riboflavin and of several 
riboflavin succinates is described. All exhibit theoretical fluorescence 
values. Both the biological and microbiological activities of the succinates 
decrease in inverse relation to the extent of substitution, but the two sets of 
values are not equal, the microbiological being considerably lower. These 
results demonstrate that neither fluorescence nor microbiological response 
of Lactobacillus casci is necessarily a quantitative measure of wtarain 
activity in the mammal for such flamns. 

The succinates e.\hibit remarkable increases in solubility Mth increasing 
substitution. 
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of Arkansas, Little Rock) 


(Received for publication, June 22, 1945) 

Recmt pubUcations by Mims, Totter, and Day (2), Bird and coworkere 
( and L^kowski, Mims, and Day (4) have described preparations of 
en^es which convert a microbiologically inactive precursor to substances 
Which stimulate the grovi,h of Streplococcusfaecalis {S. lactis R) and Lacioha- 
nUm (met. The studies reported here were designed to determine the 
Michaehs dissociation constants (5) of the enzyme-substrate complaves 
Math enzjmies prepared from different sources, and to throw light, if possible, 
^ biological rdle of the transformations brought about by the action 
of these enzymes. The purifications of ensymes and substrate were only 
carried si^ciently far to insure the absence of undesirable blank values 
ffi the microbiological determinations. It is therefore not to be expected 
hat the values of the dissociation constants obtamed in these experiments 
' K hecessarily be similar to values obtainable when the enzymes and 
substrates are available m pure form. However, the values obtained 
with the use of crude substrate and enzymes are probably more applicable 
to the enzyrmes as they occur in their natural enidronment. 


EXPERIMENTAL 

Preparation of Enzymes — ^Preliminary experiments indicated that enzyme 
solutions from rat liver prepared as described by Mims, Totter, and Day' 
(2) were not sufiBciently free from inert protein for the purposes of this 
experiment. Rat liver enzyme precipitated by ammonium sulfate was 
therefore subjected to further purification. The ammonium sulfate 
precipitate obtained from 74 gm. of rat liver was dissolved in 70 cc. of 
0.05 M acetate buffer, pH 5, and to it were added 3.5 cc. of a 0.5 saturated 
solution of benzoic acid in acetone. The precipitated benzoic acid removed 

Research paper No. 571 , Journal Series, University of Arkansas. .Aided by grants 
torn the National Live Stock and Meat Board and the Nutrition Foundation, Inc. 
art of the data contained in this report is taken from a thesis submitted by- Julia G. 
emon to the Graduate School of the University of Arkansas in partial fulfilment of 
e requirements for the degree of Master of Science. The authors are indebted to 
irginia hGms for the chicken pancreas enzyme and to Mary Elizabeth Mallory for 
e potato enzyrne preparations used in the studi'. A preliminan- report has been 
published ( 1 ). 
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the bulk of the inactive material as well as a moderate amount of the 
enzjTne. The supernatant was cooled to 0°, and 2 volumes of cold 95 
per cent alcohol were added. After a few minutes the precipitate was 
centrifuged off and immcdintelj' taken up in 26 cc. of 0.05 m phosphate 
buffer, pll 7. This solution was used for the experiments described below. 
It contained -1.2 units (4) and 1.6 mg. of protein per cc. This preparation 
maintained its activity for more than a month preseiw'ed under benzene 
in the refrigerator. 

The chicken pancreas enzjmic was prepared by the method of Laskowski, 
Mims, and Day (4). It contained 500 units per mg. of protein. 

The potato enzyme was prepared by freezing ground unpeeled raw 
potatoes and expressing the juice of the thawed material. The juice was 
cooled to 0-5° and treated with 1.1 volumes of chilled 95 per cent alcohol. 
The precipitate was discarded. The supernatant was then treated while 
still cold with 2 additional volumes of cold alcohol. The precipitate was 
extracted with 0.05 m phosphate buffer, pH 7, and immediately centri- 
fuged and the supernatant discarded. The residue was again extracted 
for 1 hour with more buffer, and the material centrifuged. The super- 
natant contained 2.3 units and 0.77 mg. of protein per cc. The jield 
of enzjTne was only about 9 per cent. No satisfactorj' method for ob- 
taining high jields of purified enzyme from potatoes was discovered. 

The substrate for the enzyme reactions was a concentrate prepared 
from jmast extract (Difeo) by a procedure similar to that described by 
Mallory el al. (G). It contained 5.58 mg. of total solids and 30 r (potency 
40,000 (7)) of potential Streptococcus /arcaffs-stimulating factor per cc. 
The preformed factor content was onl 3 ' 0.1 y per cc. The preparation of 
a concentrate was necessarj' because of the relatively large buffermg ca- 
pacity of the original y-east extract. Each of the enzyune preparations 
was found to be capable of increasing- microbiological activity of this 
concentrate to the same degree under appropriate conditions of substrate 


concentration, pH, and temperature. 

Duplicate tubes containing 0.15, 0.3, 0.9, 1.5, 3, 0, 12, 20, and 30 7 
of potential Streptococcus /accaffs-stimulating factor in 1 cc. were set uP- 
To each tube was added 1 cc. of a solution containing about 0.4 unit of e 
enzyme to be tested, in 0.05 m phosphate buffer, pH 7, and the tubes nere 
incubated at 32° for 30 minutes. Three additional sets of tubes n ere 
set up simultaneously for incubation 60, 120, and 240 minutes 1'.® g' 

After the period of incubation the tubes- were removed and placed 
boiling water bath to stop enzymiic action. Appropriate V 

made and suitable aliquots assayed for Streptococcus faecalis-sm 

factor by the folic acid method of Mitchell and Snell (7). From * 
obtained the initial velocities of the reactions catalyzed by each zj 


were calculated. 
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DISCUSSION 

At low substrate concentrations the three enzymic reactions appeared to 
be of the first order and the initial velocities of the reactions were calcu- 
lated from the first order reaction velocity constants. At higher substrate 
concentrations the velocities of the reactions dropped rapidly, indicating 



Fig. 1. Initial rates of enzymic liberation of Streptococcus /accaZis-stimulating 
factor with increasing substrate concentrations at 32° and pH 7. F = mg. of material 
of potency 40,000 liberated per minute (ordinate); S — concentration of substrate in 
Units, equivalent to 1 mg. of material of potency 40,000, per liter. Curve I, rat liver 
enzyme; Curve II, chicken pancreas enzyme; Curve III, potato enzyme. 

Table I 


Summary of Michaelis Constants and Maximum Velocities 


Source of enryme | 


T^ia»x 


rtg. per liter* 

per liter per nin • 

Rat liver. . . . 

0 29 

0 0059 

Chicken pancreas 

3.0 

0 0091 

Potato 

3S 6 

0 055 

^ 




* Expressed as equivalent to folic acid of potency 40,000. 


that the enzymes lost activitj’’ during the reaction. In these cases the 
velocities were calculated from the active material liberated in the first 30 
niinute period of incubation. Shorter incubation times were not prac- 
ticable. 

The initial velocities of the reactions were subjected to analysis and 
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treatment by the methods outlined by Lineweaver and Burk (8) and the 
maximum velocity, l^ni»x., and Michaelis constant, K„ for each of the en- 
zymes estimated graphically. Table I summarizes the estimated constants 
for the three enzymes. Since the microbiological potencies and the 
molecular weights of the substrate and of the end-products are unknown, 
the values for the constants are necessarily given in arbitrary units. The j 
curves shown in Fig. 1 are the theoretical ones obtained by substituting 
these values into the equation of Michaelis and Menten (5). The in- 
dicated points are the analytical results. 

An examination of Fig. 1 reveals that at pH 7 and at low substrate 
concentrations the rat liver enzyme is much more efficient than either the 
pancreas or potato preparations. These results are in agreement with 
our observation that much more of the pancre.as enzyme is required for 
satisfactory' determination of potential Streptococcus /accah's-stimulating 
factor in some materials. 

It should be pointed out that the highest substrate concentrations 
available to us did not permit a satisfactory determination of K, for the 
potato enzyme; the value given is therefore to be regarded as an appro.vi- 
mate figure. 

The possible physiological r61e of these enzymes will be discussed m 
a later paper. 


SUMMARY 

The method for preparing a rat liver enzyme capable of converting 
inactive precursors to Streptococcus /occah's-stimulating factor has been 
improved and the preparation of a similar enzyme from potatoes is de- 
scribed. 

The Michaelis constants at pH 7 and 32® of the rat liver enzyme an 
similar enzymes from potatoes and chicken pancreas were found to e 
0.29, 38.6, and 3.0 respectively. The values are given in terms of mg- o 
material equivalent to folic acid of potency 40,000. 
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A STUDY OF ENZYMIC REACTIONS CATALYZED 
BY PIGEON LIVER EXTRACTS* 

Br JAMES W. MOULDER, BmOIT VENNESLAND, and E. A. EVANS, Jb. 
{.From the Department of Biochemistry of the University of Chicago, Chicago) 
(Received for publication. May 3, 1945) 

Pigeon liver is the only vertebrate tissue from which cell-free extracts 
capable of converting carbon dioxide into organic combination have been 
prepared (1). A further study of extracts from this tissue has revealed, as 
was expected, the presence of en 23 rme systems capable of catalyzing other 
chemical transformations. The present report is concerned with three 
reactions occurring in these extracts. 

I. The coupled reaction between pyruvate and malate which is respon- 
sible for the fixation of carbon dioxide in cell-free extracts of pigeon liver 
has been investigated in more detail. As previously reported (1), the 
sequence may be summarized by the equations 

(1) Fumarate + HjO malate 

(2) Malate -)- pyruvate ;=i oxalacetate lactate 

(3) Oxalacetate pyruvate -f COt 

For convenience, this sequence will be referred to in the text as the reaction 
between pyruvate and malate. 

II. A hitherto undescribed reaction between pyruvate and isocitrate to 
yield a-ketoglutarate and lactate has been observed. The mechanism of 
this reaction is believed to be analogous to that of the reaction between 
pyruvate and malate. 

(4) Citrate -f- H>0 isocitrate 

(5) Isocitrate -f- pyruvate — ► oxalosuccinate -1- lactate 

(®) Oxalosuccinate — * <r-ketogIutarate -f- COj 

This set of reactions will be referred to as the reaction between pyruvate and 
isocitrate. 

III. A transamination between pyruvate and aspartate has been observed 
and studied. The reaction mechanism is as follows: 

U) Aspartate + pyruvate oxalacetate -f- alanise 

Oxalacetate pyruvate -h COt 

* This work was aided in part by grants from the Dr. Wallace C. and Clara A. 
Abbott Memorial Fund of the University of Chicago and from the John and hlary R. 
Markle Foundation. Part of the material in this paper was taken from a thesis 
submitted by James W. Moulder to the Division of Biolopeal Sciences of the Uni- 
versity of Chicago in partial fulfilment of the requirements for the degree of Doctor 
of Philosophy, June, 1944. 
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REACTIONS CATALYZED BY LIVER EXTRACTS 


The study of these reactions presents the following points of interest. 
(1) An enzymic reaction between pyruvate and isocitrate has not been 
described previously. (2) The reactions between pyruvate and malate and 
between pj'ruvate and isocitrate are accelerated by the presence of either 
pyridine nucleotide, diphosphopyridine nucleotide (DPN), or triphosphopyr- 
idine nucleotide (TPN). This is in marked contrast to the specific rela- 
tionship between these coenzymes and the lactic (2), malic (2), and isocitric 
(3) dehydrogenases found in extracts of other tissues. (3) Evidence has 
been obtained which suggests that in pigeon liver extracts the decarboxyla- 
tion of oxalosuccinate (Equation 6) is catalyzed by' an enzyme similar to 
oxalacetate carboxylase (1). This is in contrast to the accepted view that 
oxalosuccinate, the hypothetical primary oxidation product of isocitrate, is 
spontaneously decarboxylatcd to a-ketoglutarate (4, 3). (4) The transam- 
ination of pyruvate with aspartate in pigeon liver extracts is catalyzed by 
an enzyme which appears to differ in physical properties from the transam- 
inases previously described. 


Methods 


Enzyme Preparations — ^The pigeon liver extracts used in these ex- 
periments were prepared in the same manner as those previously employed 
in the study of carbon dioxide fixation (1). Pigeon liver acetone powder 
was extracted for 10 minutes with 8 parts of water, and the supernatant, 
after centrifugation, was dialyzed for 12 to 72 hours at 2° against 0.025 M 
phosphate, pH 7.4. Such a preparation contains fumarase, aconitoe, oxal- 
acetate carboxylase, and the various dehydrogenases described in the text. 

Extracts of pigeon breast muscle were prepared from pigeon breast muscle 


acetone powder in the same manner. 

Preparation and Assay of Pyridine Nucleotide Coenzymes — Diphosphopyr- 
idine nucleotide (DPN) was prepared from Fleischmann’s bakers’ yeast by 
the method of Williamson and Green (5). The purity of the preparation 
was 45 per cent as determined by hydrosulfite reduction (6). 

This value was checked by use of a DPN assay method based ^ 
glycolytic system used by Speck and Evans (7) in the study of the effec o 
quinine and atabrine upon the 3-phosphoglyceraldehyde dehydrogenase 
rabbit skeletal muscle. Carbon dioxide production in this ^ 

function of the concentration of DPN. When DPN is added in 
to 50 7 per vessel, the relation between carbon dioxide evolution an 
concentration is almost linear. Carbon dioxide production “ 
of added DPN is very small. The dissociation constant of the P ^ 
coenzyme complex was found to be 3.0 X 10"® mole ^ muscle, 
the 3-phosphoglyceraldehyde dehydrogenase of rabbit skeie 
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The agreement of this value with the dissociation constant of 3.16 X 10~= 
mole of DPN per liter obtamed by Warburg and Christian (8) for yeast 
3-phosphoglyceraldehyde dehydrogenase is an indication of the validity of 
the assay method. No TPN was found in the DPN preparation when 
assayed according to Haas (9). 

Part of the triphosphopyridine nucleotide (TPN) used in these experi- 
ments was a gift of Dr. Erwin Haas. Most of the work, however, was per- 
formed Avith a TPN preparation made by the method of Warburg, Chris- 
tian, and Griese (10) as modified by Altman (11). Assay of this preparation 
gave a TPN content of 10 per cent (9). Its DPN content was 0.4 per cent 
as determined by the method outlined above. 

The concentration of DPN and TPN is e.\pressed throughout the paper 
in terms of the pure coen 2 yme as determined by appropriate assay. 

Manometric Methods — Since the reactions studied in this paper all result 
in the liberation of carbon dioxide, manometric determination of the carbon 
dioxide evolution at pH 5.5 to 6.0 affords a convenient method of follo^ving 
the course of the reactions. An acetate buffer of pH 5.0 was added to the 
reaction mixtures in amounts indicated in individual experiments, and the 
pH of the final mixture was always between pH 5.5 ‘and 6.0. The usual 
Warburg manometric technique was employed. The bath temperature 
was 40°, and the gas phase was air. Ns, or 95 per cent Ns-5 per cent COj. 
Frequent control experiments indicated that the oxygen consumption of 
the enzyme preparations was negligible at all times.* The substrates were 
added as neutral sodium or potassium salts tipped in from the side arms. 

Thunberg Experiments — The Thunberg methylene blue technique was 
used to test the coenzyme specificity of lactic, malic, and isocitric dehydro- 
genases. The yeast flavoprotein, which is a component of the isocitrate 
system, was prepared according to the procedure of Warburg and Christian 
(13) up to the point of methanol precipitation. The glucose-6-phosphate 
system was used to study the possible conversion of DPN to TPN. For 
this purpose, hexose-6-phosphate and glucose-6-phosphate dehydrogenase 
were prepared according to the directions of Warburg and Christian (14). 

Analytical Methods — Pyruvate was determined either by the carbo.xylase 
method (15) or by the colorimetric method of Friedemann and Haugen (16). 
Lactate was measured according to Barker and Summerson (17). a- 
Ketoglutarate was determined by the method of Friedemann and Haugen 
(16). Citrate was determined by the pentabromoacetone method of Perl- 

^ After an incubation of several hours, pigeon liver extracts consume oxygen in 
the presence of a-ketoglutarate. A reaction similar to the formation of malonate 
from oxalacetate in pig heart extracts (Vennesland and Evans (12)) is probablj 
responsible for this delayed oxygen uptake. 
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j^rtJy, and Johnson (18), and the ninhydrin method of Hamilton and 
(19) was used for the estimation of a-amino nitrogen. 

I. Reaction between Pyruvate and Malale 


Yfhen dialyzed pigeon liver extract, together with Mn++ and DPN, is 
jgcubated with pyruvate and fumarate, carbon dioxide is evolved in quan- 
tities equal to the fumarate added (Fig. 1). The carbon dioxide evolution 



Fig. 1. The reaction between pyruvate and malate. Vessel 1 contained!. - 
dialyzed pigeon liver extract, 0.05 m acetate buffer, at pH 5,0, 0.002 m 'j. ' j 
10~‘ M diphosphopyridine nucleotide, 0.004 M sodium fumarate (224 
and 0.02 m sodium pj-ruvate (1120 microliters) in a volume of 2.4 ml. ® 
perature was 39°, and the gas phase was air. 

is very small when either pyruvate or fumarate alone serves as S’ 
the amount obtained varying with different enzyme preparation^ 
behavior of Z-malate is identical tvith that of fumarate, indicating ^ 
enz 3 ane contains an active fumarase. (Jpj, 

These facts are in accord with the conclusion (1) that t e ^ 
between pyruvate and malate occurs by the mechanism pf 

Equations 1, 2, and 3. The net reaction consists of a come - 
fumarate to lactate and carbon dioxide. 
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(9) Fumarate — ♦ lactate + COj 

Effect of Pyruvate Concentration — Although the pyruvate concentration 
does not change during the reaction, the acid being reformed in an amount 
equal to the quantity used, the participation of pyruvate in the reaction is 
reflected by the effect of pyruvate concentration on- the reaction rate 
(Fig. 2). 

Effect of Cof actors — ^The addition of pyruvate and fumarate to undialyzed 
enzyme preparations gives rise to a rapid evolution of carbon dioxide. 
After dialj^is of the enzyme preparations, the rate of reaction between the 



Fig. 2. The effect of pyruvate concentration on the reaction between pyruvate 
and malate. Vessel I contained 2.0 ml. of dialyzed pigeon liver extract, 0.05 u acetate 
buffer, pH 5.0, 0.0004 MnCIi, 3.0 X 10 -‘ m diphosphopyridine nucleotide, and water 
to 3.7 ml. All the other vessels contained in addition 0.0135 M sodium fumarate 
(1120 microliters) and sodium pyruvate in the amounts indicated above. The 
temperature was 39°, and the atmosphere was 5 per cent COs-GS per cent Nj. 

two substrates becomes very slow. It can be restored, however, b}' the 
addition of a boiled tissue extract.^ The effect of the extract can be repro- 
duced by the addition of Mn++ ions and DPN or TPN (Fig. 3). Stimula- 
tion of carbon dioxide production is caused by Mn++ ions alone, and either 
or both dinucleotides are ineffective in their absence. However, the addi- 
tion of the dinucleotides plus Mn++ causes a more rapid evolution of carbon 
dioxide than that observed in the presence of the inorganic ions alone. The 

’ The tissue extracts were prepared by mixing 1 part of freshly ground pigwn li% er 
or breast muscle with 1 part of water, boiling for 5 minutes, cooling, and filtering. 
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Stimulating effect of the dinucleotides is minimal with enzyme preparauons 
dialyzed for 12 hours and pronounced with extracts prepared by a prolonged 
dialysis of 48 to 72 houis. The effects of DPN and of TPN are not additive. 

Since the reaction of Equation 2 is catalyzed by the lactic and malic 
dehydrogenases which require DPN for their action, the stmulatmg eSect 
of DPN on this reaction is to be expected. However, the stimulating effect 
of TPN is of interest, inasmuch as the malic and lactic dehydrogenases, 



ktlNUTCS jlialsU. 

Fig. 3. The effect of cofactors on the reaction between buffw. 

Vessel 1 contained 1.0 ml. of dialyzed pigeon liver - ,,,1 total volume. 

pH 5.0, 0.02 M sodium pyruvate, and 0.02 m sodium 'foUoiong com 

Cofactors were added to the other vessels nucleotide, 5.0 X 

centrations; diphosphopyridine nucleotide and triphosph TO 

10-' m; MnCls, 0.002 M. All vessels were incubated in air a • 

when prepared from other tissues, have been pgcificities of 

specifically. Accordingly, an e.xamination of the out by tho 

the lactic and malic dehydrogenases of pigeon liver 

Tctic and malic dehydrogenases of pigeon hver responded 
either DPN or TPN (Table I). 
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AVhile the TPN preparation used in these experiments contained small 
quantities of DPN, the following considerations suggest that the observed 
effects were due to TPN itself. Kubowitz and Ott (20) found that the 
dissociation constant of the protein-coenzyme complex of the lactic dehy- 
drogenase of rat skeletal muscle was 6 X 10~® mole of DPN per liter. While 
the dissociation constant of the lactic dehydrogenase of pigeon liver is not 
known, it may reasonably be assumed that it is not less than 10“® mole of 
pyridine nucleotide per liter. This is the concentration of coenz 3 mie which 
gives half the maximum reaction rate. In the experiment of Table I, TPN 
and DPN were added in concentrations of 1 X 10"® m. In the system to 
which the TPN preparation was added, the concentration of DPN added in 
the TPN preparation was 4 X 10~" m; i.c., well below the minimal concen- 


Tablb I 


Coenzyme Specificity of Lactic and Malic Dehydrogenases in Extracts from 
Pigeon Tissues 


The experiments were conducted at 25° by the Thunberg technique. System (1) 
consisted of 1.0 ml. of dialyzed extract, 0.02 m phosphate buffer, pH 7.4, 0.15 m 
NaCN, pH 7.4, and 0.1 m lithium lactate or sodium malate, all in a volume of 2.5 ml. 
At 0 time, 0.1 ml. of 0.1 per cent methylene blue was added from the cap. 

I Reduction time 


System No. 

Malic dehy* 
drogenase 

Lactic dehydrogenase 

Pigeon liver 
extract 

Pigeon liver 
extract 

Pigeon 
breast mus' 
cle extract 


tnin. 

min. 

min. 

1. As described above 

35 

36 

60 

2. Plus 1 X 10~® M diphosphopyridine nucleotide. 

12 

10 

6 

3. “IX 10“' “ triphosphopyridine “ 

14 

25 

17 


tration giving half the maximum reaction rate. Yet the effect of TPN upon 
the reduction of methylene blue was from one-third to almost equal the 
effect of DPN. These results find their simplest explanation in the assump- 
tion that TPN as well as DPN forms an active enzyme-coenzyme complex 
tvith the lactic and malic dehydrogenases of pigeon tissues. 

The effect of TPN upon lactate oxidation may also be e.xplained by 
postulating the presence of an enzyme system in pigeon liver extracts ca- 
pable of the rapid transformation of TPN into DPN, a reaction known to 
occur in yeast extracts (21). However, unpublished work by Dr. L. E. 
Montoya (Rockefeller Foundation Fellow) makes the occurrence of such a 
transformation seem improbable. Working in this laboratory, he obtained 
a 20-fold purification of the lactic dehydrogenase of pigeon breast muscle. 
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At this stage of purity, the dehydrogenase showed the same relative activity 
toward DPN and TPN as did the original extract. It seems unlikely that 
both the lactic dehydrogenase and an enzyme converting TPN into DPN 
would have been equally fractionated throughout the purification pro- 
cedure. 



Fio. 4. The reaction between pyruvate and isooitrate. Vessel 1 contained 1.0 
ml. of dialyzed pigeon liver extract, 1.0 ml. of boiled extract of pigeon breast muscle, 
0.05 u acetate buffer, pH 6.0, 0.0025 m potassium citrate (224 mioroliters), and 0.005 
M sodium pyruvate (448 microliters) . The volume was 4 ml. The bath temperature 
was 40°, and the gas phase was 5 per cent COi-95 per cent Nj. 

II. Reaction between Pyruvate and Isodtraie 

In addition to the reaction between pyruvate and malate, pigeon liver 
extracts catalyze an analogous reaction between pyruvate and isocitrate. 
When pyruvate and citrate, together with the necessary cofactois, are in- 
cubated with pigeon liver extracts, carbon dioxide is produced in an amom 
equivalent to the substrate present in the smaller concentration. ® 
carbon dioxide evolution is much les in the absence of either pyruva o 
citrate or of the cofactors. A typical experiment in which ^e cofac 
were furnished in the form of a boiled tissue e-xtract is shown m Fig. 4. 

BSecl of Substrate Concentration— The optimal concentration ol ci 
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about 0.0025 m. Citrate concentrations higher than this may be inhibitory 
and vith 0.025 m citrate the reaction between pyruvate and isocitrate is 
almost completely inhibited. With 0.0025 m citrate, variation of the py- 
ruvate concentration from 0.0025 to 0.0125 m does not alter appreciably 
the rate of the reaction. 

Effect of Cofactors — The eflfect of boiled tissue extract on the dialyzed 
enzyme can be quantitatively reproduced by Mn++, DPN, and TPN. As 



Fio. S. The effect of cofactors on the reaction between pyruvate and isocitrate. 
Vessel 1 contained 1.0 ml. of dialyzed pigeon liver extract, 0.05 m acetate buffer, 
pH 5.0, 0.0025 M potassium citrate (224 microliters), and 0.005 m sodium pyruvate 
(448 microliters). The cofactors were added to the other vessels as indicated, in 
the follotving concentrations: diphosphopyridine nucleotide and triphosphopyridine 
nucleotide, 3.0 X 10-‘ m; MnClj, 0.003 m. The volume was 4.0 ml., the temperature 
40°, and the gas phase 5 per cent COj-95 per cent Nz. 

in the reaction between pyruvate and malate, Mn++ alone causes a large 
increase in the reaction rate; DPN and TPN significantly accelerate the 
reaction between pyruvate and isocitrate only in the presence of Mn"^ 
(Fig. 5). In the experiment of Fig. 5 neither coenzyme was present in 
optimal concentration and the effects appear to be additive, but when DPh* 

and TPN are added in larger amounts, no additive effect is noted. 

To assure an adequate concentration of Mn++, MnCb was routine y 
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added in amounts larger than the quantity of citrate added, smce 
forms an un-ionized and inactive complex rvith citrate (22). The inhibitory 
effect of high citrate levels on the reaction between pyruvate and isocitrate 
is probably due to the combination of citrate with Mn+^. 

Nature of Reaction between Pyruvate and Isocitrate — ^Analysis of initial 
reactants and final products in the reaction between pyruvate and isooitrate 
showed that for every mole of p 3 Tiivate and of citrate disappearing 1 mole 
each of lactate, a-ketoglutarate, and carbon dioxide was formed (Table II). 
The equation for the net reaction is 

(10) Pyruvate + citrate — > lactate + a-ketoglutarate -b CO* 

From the work of Martins (23), Johnson (24), and Adler et al. (3) it appears 
probable that the first step in the reaction is the transformation of citrate to 

Table II 

Chemical Changes Occurring during Reaction between Pyruvate and Isocitrate 
2.0 ml. of pigeon liver extract were incubated at 40° in a reaction mixture of 4.0 
ml. volume which contained 0.005 m MnCl», 3 X 10~* m diphosphopyridine nucleotide 
and tiiphoaphopyridine nucleotide, and 0.05 m acetate buffer, pH 5.0. The gas 
phase was 5 per cent COj-95 per cent Nj, and the incubation period was 1 boar. 
The aubstrates were added from the side arm in the amounts indicated below. (The 
pyruvate values are not corrected for interference on the part of a-ketoglutarate.) 


The results are expressed in micromoles. 



Pyruvate 

1 

Citrate | 

Lactate 

o*KeH>' 1 
glutarate | 

1 

COi 

Initial .... 

u.o 

6.7 

0.6 



Final 

6.5 

0.4 

5.9 

5.6 


A 

-4.5 

-6.3 

-(-5.3 

-(-5.6 

■81 


isocitrate by the enzyme aconitase. Isocitrate then reacts with pjmvate 
and yields lactate and oxalosuccinate (Equation 5). The latter is then 
decarboxylated to a-ketoglutarate and carbon dioxide (Equation 6). 

In the data presented in Table II, lactate was determined by the Barker 
and Summerson method (17) (in which a copper lime reagent is used for t e 
partial removal of pyruvate). This was considered specific for lactate an 
actual isolation of lactic acid was regarded as unnecessaiy. However, 
colorimetric procedure for a-ketoglutarate (16) is not specific, and 
ence of this substance was confirmed by its isolation as the > 
dinitrophenylhydrazone. A 100 ml. Warburg vessel was filled with ^ ro - 
of pigeon liver extract, 20 ml. of boUed extract of pigeon breast rouscle, ■ 
ml. of M acetate buffer, pH 5.0, 2.0 ml. of 0.1 m MnCb, 2.0 gO 

citrate, and 2.0 ml. of 0.1 m pyruvate. After an incubation period o 
minutes under 5 per cent COs-dS per cent No at 40°, the theoretical anw 
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of carbon dioxide had been evolved. To remove traces of pyruvate, 0.5 
ml. of a yeast carboxjdase preparation was added. After 5 minutes the 
solution was deproteinized by the addition of 0.2 volume of 20 per cent 
HPOa, centrifuged, and aerated to remove acetaldehyde. The filtrate was 
concentrated to 10 ml. under reduced pressure, and 10 ml. of a saturated 
solution of 2,4-dinitrophenylhydrazine in 2 n HCl were added. The hy- 
drazone separated out immediately and, after 2 hours in the ice box, the 
precipitate was filtered off, dried, and weighed. 31 mg. of a substance 
melting at 206-207° (corrected) were obtained (50 per cent of the quantity 
of or-ketoglutaric acid 2,4-dinitrophenylhydrazone demanded by theory). 
After two recrystallizations from 60 per cent ethanol, 14 mg. of the hydra- 
zone were obtained which melted at 215° (corrected). An authentic sample 
of a-ketoglutaric acid 2,4-dinitrophenylhydrazone prepared and reciystal- 
lized in the same manner also melted at 215° (corrected). The melting 
point of a mixture of the two substances showed no depression. Further 
recrystallization from ethyl acetate and from hot water did not raise the 
melting point of either sample. When citrate was omitted from the reac- 
tion mixture, a-ketoglutaric acid 2,4-dinitrophenylhydrazone could not be 
found. 

Mechanism of Reaction between Pyruvate and Isocitrate — If lactic dehy- 
drogenase is specific for DPN and kocitric dehydrogenase is specific for 
TPN, it is not possible to formulate a mechanism for the direct transfer of 
hydrogen between pyruvate and isocitrate involving mediation by the 
pyridine nucleotide coenzymes alone. However, the assumption that both 
lactic and isocitric dehydrogenases are active with either DPN or TPN 
offers a plausible mechanism for hydrogen transfer between the two sub- 
strates. According to this hypothesis, either coenzynne can transfer hy- 
drogen between pyruvate and isocitrate. 

Direct test of the coenzyme specificities of the two dehydrogenases in- 
volved supported this view. As has already been shown in Table I, lactic 
dehydrogenase is activated by both DPN and TPN. Table III presents 
data which show that the isocitric dehydrogenase of pigeon liver is also 
active with both DPN and TPN. The approximately equal effects of DPN 
and TPN upon isocitrate oxidation, together with the low concentration of 
TPN in the DPN preparation, indicate that DPN itself can activate the 
isocitric dehydrogenase of pigeon liver. However, the possibility that DP^< 
is converted into TPN was also investigated, vdth the glucose-6-dehydro- 
genase system as a test system for the formation of TPN. In previous 
demonstrations of the conversion of DPN to TPN in yeast (25), adenosine 
triphosphate was a component of the system, but since the pjTUvate-iso- 
citrate reaction proceeds in dialyzed extracts in the absence of adenosine 
triphosphate, none was added here. To determine the ability of the pigeon 
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liver extract to transform DPN into TPN, the extract was incubated mth 
DPN, hexose-6-phosphate, glucose-6-phosphate dehydrogenase, and yeast 
flavoprotein. After incubation under these conditions, the rate of reduc- 

Table III 

Coenzyme Specifieily of Jsocilric Dehydrogenase in Extracts of Pigeon Tissues 
Thunberg experiment; 25°. System (1) consisted of 0.3 ml. of extract, 0.3 ml. of 
yeast flavoprotein (2.5 y of bound flavin per ml.), 0.0025 ii phosphate, pH 7.4, 0.01 m 
potassium citrate, and 0.003 u MnCfj. The total volume was 2.0 ml. At 0 time, fl.I 
ml. of 0.2 per cent methylene blue waa tipped in. 


System No. 

[ Reduction time 

Piston liver 
eitnict 

pigeon breast 
mu^e extract 


tnin. 

min. 

1, As described above 

55 

60 

2, Plus 8 X 10“® M diphosphopyridine nucleotide. 

18 

21 

3. “ 8 X ** triphosphopyridine " 

25 

30 

4, As (2), but no added flavoprotein 

>120 

>120 

5. “ (3), '■ “ “ “ 

>120 

>120 


Table iV 

Failure of Pigeon Liver Extracts to Convert Diphosphopyridine Nucleotide to 
Triphosphopyridine Nucleotide 

The Thunberg experiments were carried out at 25° in a volume of 3.0 ml. System 
(1) consisted of 0.1 ml. of glucose-O-phosphate dehydrogenase, 0.3 ml. of yeast 
flavoprotein (2.5 y of bound flavin per ml.), 0,025 m phosphate buffer, pH 7.4, 0.OI H 
sodium hexose-6-phoaphate, and 4 X 10"‘ m triphosphopyridine nucleotide. 0.1 ml- 
of 0.1 per cent methylene blue was added from the cap. The pigeon liver extract was 
incubated with the rest of the system for 15 minutes in air and 15 minutes in vacuo 


System No. 

■S!l lEl 


r«»»- 


2 


70 


45 

4. 4 X 10“‘ “ “ “ and 1.0 ml. pigeon 

^ 35 

5. 4 X 10~‘ M diphosphopyridine nucleotide and 1.0 ml. heat- 
inactivated pigeon liver extract 

30 


tion of added methylene blue was measured. An increase in the 
methylene blue reduction after incubation with pigeon liver extract wo 
mdicate the conversion of DPN into TPN. When tested in this mamj 
(Table IV), both pigeon liver extract and partially purified 
carboxylase had no effect which could not be duplicated by the 
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amount of heat-inactivated enzyme. The slight acceleration of methylene 
blue reduction was probably due to traces of TPN in the tissue extracts. 
Certainly a rapid conversion of DPN to TPN, such as would be necessary 
to explain the effect of DPN upon the oxidation of isocitrate in a system 
with pyruvate or with flavoprotein and methylene blue, was not observed. 

However, other tissues, notably pigeon breast muscle, also show a similar 
lack of coenz 3 nne specificity on the part of their lactic and isocitric dehy- 
drogenases (Tables I and HI), One might expect, therefore, that in such 
preparations the reaction between pyruvate and isocitrate should occur, 
since the enzyme aconitase is known to be widely distributed, and since the 
decarboxylation of oxalosuccinate is considered to occur spontaneously. 
Nevertheless, aqueous extracts of acetone powders of beef liver, pig liver, 
rabbit liver, pig heart, pig kidney, and pigeon breast muscle do not catalyze 
the reaction between pyruvate and isocitrate. Nor do they catalyze the 
reaction between pyruvate and malate. Since the latter reaction is in- 
hibited by small amounts of oxalac’etate which accumulate, it appears 
certain that the difference between extracts of pigeon liver and those of 
other tissues with respect to their ability to catalyze the reaction between 
pyruvate and malate lies in the presence of oxalacetate carbo.xylase in the 
pigeon liver extracts. An analogous inhibition of the reaction between 
pjTOvate and isocitrate is not possible if the decarboxylation of oxalosuc- 
cinate is completely spontaneous. If it were assumed, however, that pigeon 
liver contains an enzyme (similar to oxalacetate carboxylase) capable of 
decarboxylating oxalosuccinate, the absence of this enzyme in other tissue 
extracts would then explain why the reaction between pyruvate and iso- 
citrate occurs only in pigeon liver extracts. Since free oxalosuccinic acid 
has never been prepared, a direct examination of the rate of its spontaneous 
decarboxylation and of the effect of pigeon liver e.xtract upon the process is 
impossible. 

Effect of Partially Purified Oxalacetate Carboxylase upon Reaction between 
Pyruvate and Isodtraie in Extracts of Pigeon Breast Muscle — The hj'pothesis 
outlined in the previous section was tested indirectly, therefore, bj' adding 
to pigeon breast muscle extract a preparation of partially purified o.xalace- 
tate carboxylase’ free from lactic and isocitric dehydrogenases. .4ithough 

® Evans, E. A., Jr., Francis, A. M., and Vennesland B., unpublished results. 
The preparations were made from the usual pigeon liver extracts by sloni}' adding 
methanol at 0° until the concentration was 50 per cent. The precipitate was centri- 
fuged off and discarded. The supernatant was poured into an equal volume of 
0.1 M acetate buffer, pH 5.0. The precipitate was centrifuged off, redissoh-ed in 
0,025 u phosphate, pH 7.4, and dialyzed against the same buffer. Such preparations 
contain oxalacetate carbo.xylase, traces of lactic dehydrogenase, and no isocitric 
dehydrogenase. 
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incapable of catalyzing the reaction alone, this preparation caused the 
reaction between pyruvate and isocitrate to occur in pigeon breast muscle 
extracts (Fig. 6 ). The reaction taking place under these circumstances was 
identical with that which occurs in pigeon liver extracts. The presence of 
both pyruvate and citrate, as well as of ]Mn++ and the pyridine nucleotide 
coensymes, is necessary for its occurrence. Heating of the oxalacetate 
carboxylase preparation causes loss of its ability to promote the reaction 
between pyruvate and isocitrate in pigeon breast muscle extracts. The 



Fig. C. The effect of partially purified oxalacetate carboxylase on the reaction 
between pyruvate and isocitrate in pigeon breast muscle extracts. Vessel 1 con- 
tained 1.0 ml. of dialyzed pigeon breast muscle extract, 0.5 ml. of partially purified 
oxalacetate carboxylase, 0.05 m acetate buffer, pH 5.0, 0.005 m MnCli, 3.0 X 10"* ^ 
diphosphopyridine nucleotide, 3.0 X 10"‘ m triphosphopyridine nucleotide, 0.0025 u 
potassium citrate,'and 0.005 u sodium pyruvate, all in a volume of 4.0 ml. All vessels 
were incubated at 40° under 5 per cent 00^95 per cent Ns. 

ability of partially purified o^lacetate carboxylase to catalyze the 
pyruvate-isocitrate reaction in pigeon breast muscle extracts roughly paral- 
lels its oxalacetate carboxylase activity. 

These results indicate that pigeon liver extracts contain at least one hea 
labile factor other than lactic and isocitric dehydrogenases which is essen- 
tial for the occurrence of the coenzyme-linked reaction between pyruva 
and isocitrate. The experimental evidence suggests that this factor is m 
enzyme which decarboxylates oxalosuccinate, either oxalacetate carboxy 
or 811 eni^rnie similar to it. 
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Since di- and trivalent cations accelerate the decarboxylation of oxalace- 
tate, it might be expected that no enzyme would be necessary for the de- 
carboxylation of oxalacetate and that the reaction between pyruvate and 
malate would proceed in the absence of oxalacetate carboxylase. However, 
even in the presence of high concentrations of Mn++ ion (0.002 to 0.02 ii), 
no reaction between pyruvate and malate is observed in the absence of 
oxalacetate carboxylase. Similarly, Mn++ ion does not catalyze the reac- 
tion between pyruvate and isocitrate, even in the presence of the proper 
cofactors and dehydrogenases, unless an additional heat-labile substance 
from pigeon liver is also present. 

On the basis of the evidence outlined above, we believe that the reaction 
between pyruvate and isocitrate occurs in the following manner. The 
primary step in the reaction, the oxidation-reduction between pyruvate and 
isocitrate (Equation 5), is mediated by both DPN and TPN, each of which 
reacts with both dehydrogenase systems. If oxalosuccinate formed by the 
oxidation of isocitrate is not removed immediately, it then inhibits the 
oxidation of isocitrate in the same manner that oxalacetate inhibits the 
oxidation of malate (26). In pigeon breast muscle, the oxidation-reduction 
step proceeds readily, but the enzyme which decarboxylates oxalosuccinate 
is absent, and this product is removed only by non-enzymic decar- 
boxylation. The rate of spontaneous decarboxylation is not sufficient to 
keep the concentration of oxalosuccinate below the level at which it inhibits 
the oxidation of isocitrate, and the reaction between pyruvate and isocitrate 
does not occur. In pigeon liver, an enz 3 Tne similar to oxalacetate carboxy- 
lase decarboxylates oxalosuccinate at such a rapid rate that its concen- 
tration in the reaction mixture does not reach an inhibitory level, and the 
pyruvate-isocitrate reaction goes to completion. 

Oxidation of Jsocilrate by Yeast Flavoprotein and Methylene Blue 
However, this mechanism does not explain why isocitrate is oxidized by 
pigeon breast muscle extracts in the presence of yeast flavoprotein and 
methylene blue (3) (Table III), although isocitrate is not oxidized by these 
extracts in the presence of pyruvate. We have confirmed the obseiwation 
of Adler et al. (3) that crude yeast flavoprotein is necessary for the oxidation 
of isocitrate by methylene blue (Table III). Since the concentration of the 
flavoprotein which reoxidizes reduced TPN was low in their preparation, 
these workers reasonably assumed that the function of the added yeast 
flavoprotein (which reo.xidizes both TPN and DPN) was to reoxidize the 
TPN reduced by isocitrate. 

(11) Isocitrate ^^hydrogena^ flavoprotein -► methylene blue 

However, it is difficult to apply this explanation to the results obtained unth 
extracts of pigeon tissues. In these extracts, yeast flavoprotein is required 
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for the reduction of methylene blue in the presence of isocitrate when either 
DPN or TPN is present (Table III). Yet with lactate or malate as the 
substrate, no added flavoprotein is necessary (Table I). If it is assumed 
that the only function of the yeast flavoprotein is as a mediator in hydrogen 
transport between the pyridine nucleotides- and methylene blue, then it 
must be concluded that the coenzymes reduced by isocitrate differ in some 
manner from the coenzymes reduced by lactate or malate. Since such a 



Fig. 7. The reaction between pyrUvate and aspartate. AH vessels containe 
1.0 ml. of dialyzed pigeon liver extract, 0.05 m acetate buffer, pH 5.0, 0.002 M 
and water to a volume of 2.2 ml. 0.0045 m sodium Z-aspartate (224 microliters) an 
0.0225 M sodium pyruvate (1120 microliters) were added as indicated above. 1 ® 
temperature was 39° and the atmosphere wae air, 

conclusion is unsatisfactoiy, we feel that in extracts of pigeon liver and 
breast muscle crude yeast flavoprotein plays some rdle in the oxidation o 
isocitrateby methylene blue other than that of a simple mediator, hd ue 
are at present unable to suggest what such an additional rdle migh e- 
Detailed knowledge of the mechanism of isocitrate oxidation in the 
ivith pyruvate and with flavoprotein and methylene blue will undou e 
Tssolvethe apparent conflict between the two sets of observations; 
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HI. Reaction between Pyruvate and Aspartate 

When pigeon liver extract is incubated with pyruvate and 1-aspartate, a 
quantity of carbon dioxide is evolved equal to the aspartate added (Fig. 
7). The reaction requires Mn++, but DPN and TPN have no effect on the 
reaction rate (Fig. 8). These results can be explained by postulating a 
transamination of pyruvate nith aspartate to form alanine and o.xalacetate, 



Fig. 8. The effect of cofactors on the reaction between pyruvate and aspartate. 
Vessel 1 contained 1.0 ml. of dialyzed pigeon liver extract, 0.05 M acetate buffer, 
pH 5.0, 0.02 M sodium pyruvate, and 0.008 M sodium i-aspartate in 2.4 ml. 5.0 X 10"‘ M 
diphosphopyridine nucleotide and 0.002 m MnCli were added to the other vessels as 
indicated. All were incubated in air at 39°. 

the latter then being decarboxylated by oxalacetate carboxylase (Equations 
7 and 8). The equation for the net reaction would be 

(12) Aspartate — ► alanine -b COi 

The validity of Equation 12 was tested by analyzing for pj^vate and by 
measuring the carbon dioxide liberated by treatment with nmhydrin. 
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While all other a-amino acids yield 1 mole of carbon dioxide when treated 
with nmhydrin, aspartate forms an unstable aldehyde which spontaneously 
decarboxylates to liberate an additional molecule of carbon dioxide (27). 
Therefore, if Equation 12 is the correct representation of the reaction 
between pyruvate and aspartate, at the end of the reaction the carbon 
dioxide liberated by ninhydrin should be half the initial value, while the 
pyruvate concentration should be unaltered. The data of Table V indicate 
that this is indeed the case and thus furnish evidence for the mechanism 
postulated for the reaction between pyruvate and aspartate. 

Table V 

Chemical Changes Occurring during Reaction between Pyruvate and Aspartate 

The reaction mixture consiated of 1.5 ml. of pigeon liver extract, 0.002 m MnCli, 
0.06 M acetate buffer„pH 5.0, 20 nucromoles of sodium pyruvate, and 10 micromoles 
of sodium Z-aspartate. The volume was 2.8 ml. After 4 hours incubation at 39° in 
an atmosphere of 5 per cent COj-95 per cent Nj, COs evolution ceased, and the 
analyses were performed. The values below are corrected for the slow disappear- 
ance of pyruvate in the absence of aspartate (1 micromole per hour) and for the 
formation of a-amino nitrogen in the absence of any added substrate (1.5 micromoles 
per hour). 

The results are expressed in micromoles. 



Pyruvate 

Kinbydrin carboxyl 
CO» 

1 



20.0 

20.0 

0.0 

T’inal 

19.4 

9.1 

8.9 

A 1 

-0.6 j 

-10.9 

-f8.9 
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DISCUSSION 

Rdle of Oxalacelate Carboxylase in Coupled Reactions — ^In addition to the 
coupled enzjmic reactions described in the present report, reactions between 
«-ketoglutarate and fumarate and between a-ketoglutarate and citrate have 
also been observed. These reactions are slower in rate and have not been 
studied in detail. The interaction between the various pairs of substrates 
can be explained by a general reaction scheme involving an oxidation-reduc- 
tion or a transamination followed by the decarboxylation of a ^-keto aci , 
either oxalacetate or oxalosuccinate. 

The enzymic decarboxylation of oxalacetate by oxalacetate carboxy a® 
can be demonstrated directly (1 ) . Although a direct test is not possib e m 
the case of oxalosuccinate, the evidence presented here suggests , 

acetate carboxylase (or a similar component of pigeon j,. 

catalyzes the decarboxylation of oxalosuccinate. Final proof for this 
anism requires preparation of free oxalosuccinic acid. The avaPao y 
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this compound would also undoubtedly be of great assistance in under- 
standing the conflicting data resulting from studies of pyruvate and of 
methylene blue as the ultimate oxidizing agents for isocitrate in the pigeon 
breast muscle extracts. 

The reaction between pyruvate and isocitrate resembles in many ways 
the reaction between pyruvate and malate in which carbon dioxide is fixed 
into oiganic acid carboxyl groups, but it is imknoum whether carbon dioxide 
fixation occurs during the course of this reaction. 

Specificity of Dehydrogenases toward Pyridine Nucleotide Coenzymes — 
Dehydrogenases may be divided into three groups on the basis of their 
reactions with the pjrridine nucleotide coenzymes. One group transfers 
hydrogen from its substrates to DPN but not to TPN. A second group 
transfers hydrogen to TPN but not to DPN, and a third transfers hydrogen 
to both coenzymes rvith approximately equal ease. The 3-phosphoglyc- 
eraldehyde dehydrogenase of yeast (28), the lactic and malic dehy- 
drogenases of pig heart (2), and the alcohol dehydrogenase of yeast (28) and 
of mammalian tissues (29) are all examples of the first group. Glucose-6- 
phosphate dehydrogenase of yeast (30) and isocitric dehydrogenase of pig 
heart (3) are specific for TPN. The glucose (31) and 1-glutamic (32) dehy- 
drogenases of mammalian liver belong to the last group of dehydrogenases. 
Proper recognition of coenzjune specificity may be obscured by intercon- 
version of the coenzymes in the crude enzyme preparations frequently used. 
Such an interconversion has been demonstrated in j’^east by von Euler and 
his coworkers (21, 25). 

Our work with pigeon tissues has led us to the conclusion that a larger 
number of dehydrogenases react with both DPN and TPN than has hitherto 
been thought. The lactic and isocitric enzymes of pigeon tissues on the one 
hand and of pig heart on the other offer another example of the occurrence 
in different tissues of dehydrogenases with different coenzyme specificity 
but with identical substrate specificity. 

Transamination in Pigeon Liver Extracts — ^The presence of transaminase 
activity in dialyzed extracts of pigeon liver acetone powder is unexpected, 
since the transaminases of other tissue preparations are often destroyed by 
drying (33) or by dialysis (33, 34). It is probable that the transammase of 
pigeon liver extracts is markedly different from those previously describ^. 
Although Braunshtein and Kritsman (35) originally reported that a wide 
variety of amino acids entered into reactions of transamination, Cohen (33) 
foimd that only glutamic acid, aspartic acid, and alanine undergo transam- 
ination in tissue extracts at a significant rate. It is suggested that in pigeon 
liver aspartate might conceivably transaminate keto acids other than those 
corresponding to the amino acids mentioned above, because the rapid decar- 
boxylation of oxalacetate would drive the reaction in the direction of oxal- 
acetate formation and the tr ansam ination of the original keto acid. 
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REACTIONS CATALYZED BY LIVER EXTRACTS 


SEMMARY 

Reactions occurring in cell-free extracts of pigeon liver have been studied. 

1. The reaction between pyravate and malate, which results in the fixa- 
tion of carbon dioxide has been further investigated. 

2. An analogous reaction between pyruvate and isocitrate has been ob- 
served and a mechanism suggested for the reaction. 

3. A transamination between pyruvate and aspartate has been described. 

We wish to thank Dr. Erwin Haas and Dr. Kurt Altman of the Depart- 
ment of Chemistry for valuable aid and advice in the preparation and assay 
of triphosphopyridine nucleotide. The citrate analyses were performed by 
Dr. Jolm F. Speck, and the purified oxalacetate carboxylase preparations 
were made by Dr. A. M. Francis. 

Addendum — Since this paper was submitted for publication, Ochoa (36) and 
Ochoa and Weisz-Tabori (37) have described in brief notes the preparation of oxalo- 
succinic acid and its enzymic decarboxylation by extracts of pig heart. The reoxida- 
tion of reduced triphosphopyridine nucleotide in the presence of Mn'*^, COi, and 
ar-ketog!utarate indicates that, in pig heart e.xtracts, both the oxidation of isocitrate 
o o.xalosuccinate and the decarboxylation of oxalosuccinate to a-fcetoglutarate are 
i>,versible reactions. These results are in full accord with the findings presented 
lere. 
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THE BEHAVIOR OF VOLATILE SOLUTES IN THE HILL-BALDES 
APPARATUS, WITH PARTICULAR REFERENCE TO 
ETHYL ALCOHOL 

Bt NATHAN LIFSON and EDWARD L. HILL 

{From the Departments of Physiology and of Physics, University of Minnesota, 

Minneapolis) 

(Received for publication, June 11, 1945) 

In an earlier paper* experiments were described in which the Hill-Baldes 
vapor tension apparatus was applied to the quantitative determination of 
deuterium oxide (D2O) concentration in water. It has been Considered of 
interest to extend the observations to the study of other volatile solutes in 
order to provide a more rigorous test of the theory of the apparatus, even 
though the accuracy of the results obtained might not be sufficiently high 
to compete with current analytical techniques for the solutes in question. 
The studies reported here are for solutions up to 4 per cent by volume of 
ethyl alcohol in water. 

The methods employed were similar to those previously described. 

Fig. 1 shows a plot of the logarithm of the galvanometer deflection 
verstts the time after the deposition of the drop. The data pertinent to 
the experiment are tabulated in the legend. Unlike the case of D2O-H2O 
mixtures, the slopes of these curves diminish uuth time, indicating that the 
escape of the alcohol is more rapid at the higher concentrations. Fig. 2 
gives a plot of the same curves in which they have been shifted horizontally 
in order to make the maximum deflection fall on the curve for the 2 per 
cent concentration. The fact that all of the remaining points fall well on 
a single curve indicates that the galvanometer deflection is a measure of 
the instantaneous concentration of alcohol in the drop. 

According to the theory proposed in the earlier paper, if the loss of solute 
is principally determined by the diffusion of solute molecules in the gas 
phase, the time required for the escape of one-half of the solute (half life- 
time) should be given by the formula 

_ log«2 0.231yr\ 

^ ' k ^ D 

where k is the fraction of the solute escaping per unit time, n is the radius 
of the drop ( = 0.074 cm.), D is the diffusion constant of solute molecules 
in the gas phase, and 7 is the ratio of the density of the pure liquid solute 

» Lifeon, N., Lorber, V., and Hill, E. L., /. Biol. Chem., 168, 219 (1945). 
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VOLATILE SOLUTES 


T^perature 

y 

T 


SK. 

25 

0.704 X 10* 

65 

30 

0.535 

49 

35 

0.323 

30 


to that of its saturated vapor. The tabulation gives values of T computed 
from this formula. The values of y and Z) ( = 0.137 sq. cm. per second) 
are only nominal handbook values which are not expected to be of high 
accuracy. From Fig. 2 a mean value of the half lifetime as observed in 
the experiments is about 40 seconds at 30°. 



Fig. 1. Relationship between the logarithm of the galvanometer deflection and 
time after drop exposure for CjHjOH-H.O mixtures up to 4 per cent CjHjOH. Bath 
temperature 30°; drop size 2.02 c.mm. Calibration, 1 mm. of deflection equals 0.302 
mM of NaCl per kilo of water. 

Fig. 2. Plot in which the experimental points of Fig. 1 for 0.5, 1.0, and 4.0 per cent 
alcohol have been shifted horizontally to make the maximum deflection of each curve 
fall on the curve for 2.0 per cent alcohol. 

The fact that the observed values of T agree well with the purely theo- 
retical values for both DjO and CzHsOH solutions, even though the ab- 
solute values for T are-so different in the two cases, seems to be satisfactory 
evidence that the proposed theory of the apparatus is essentially correct. 

SUMMARY 

A study is reported of the behavior of drops of ethyl alcohol-water solt> 
tions in the Hill-Baldes vapor tension apparatus. Evidence is presenfe 
that (1) the galvanometer deflection is a measure of the instantaneous 
alcohol concentration in the drop, and (2) the rate of escape of alco 
agrees well with values predicted by a previously proposed theory ol 
apparatus. 


ANTIPODAL SPECIFICITY IN THE INHIBITION OF GROWTH 
OF LACTOBACILLUS ARABINOSUS BY AMINO ACIDS* 

Br MARGUERITE FLING and SIDNEY W. FOX 

{From the Chemistry Department, Iowa State College, Ames) 

(Received for publication, April 28, 1945) 

The fact that the growth of Lactobacillus arabinosus 17-5‘ can be in- 
hibited by d-leucine (1) raises questions on the nature of this inhibition 
and its possible significance in biological synthesis of protein. Data were 
accordingly needed for the effects of other amino acids, especially those of 
the monoaminomonocarboxylic group. Such information on the compa- 
rative inhibitory effects of the enantiomorphs and racemates of alanine, 
valine, and leucine are here presented. 

The results indicate that the test bacterium is a useful tool for studjdng 
factors which may be influencing protein synthesis within the organism. 
The generally regular growth results are comparable to values found with 
related enzyme preparations. One example of this latter type of study 
with d-amino acids is the partial blocking of histidase action by d-histidine 
(2). Edlbacher and Baur (3) have also found that the hydrolysis of l- 
leuoylglycine and of glycylglycine by swine peptidase is inhibited by 
d-leucylglycine. 

The peculiar experimental advantage of such an organism as Lacloba- 
cillus arabinosus is the possession of a complex organization which permits 
it readily to carry out synthesis. In this experimental framework, it is 
found that antipodal specificity, of the same general kind which applies to 
dipeptidase (4), is a principle also applicable to suspensions of intact cells 
of the strain of Laclobacillus arabinosus studied. 

Materials and Methods 

d-Valine and l-V aline — The formylation procedure used for d/-leucine 
(1) was successfully applied to df-valine; 40 gm. of di-valine prepared (5) 
from Eastman practical grade isovaleric acid gave 36.5 gm. of formyl-d/- 
valine with a melting point of 141-143'’ and 4.8 gm. of fomiyl-d/-valine 
with a melting point of 139-142°. The formyl compound wa.s resolved 
and hydrolyzed by the procedure of Fischer (6). 0.242 gm. of d-valine 

‘Journal Paper No. J-1285 of the Iowa Agricultural E.vperiment Station, Project 
897, in cooperation with the Veterinaiy Research Institute. 

Amino acid prefi.xes in this paper refer solely to conhguration. 

This paper was presented in part before the American Chemical Societ}*, Sep- 
tember, 1944, at New York. 

' American Type Culture Collection, No. 8014. 
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dissoh’ed in 20 per cent HCl to a total weight of 20.385 gm. (specific grarity 
ofthe solution, 1.11) was examined in the polarimeter;[a]D = — 26.6°±1.0°. 

d-Alaninc — dZ-Alanine was resolved through the benzoyl derivative by 
the procedure of Fischer (7). This gave d-alanine hydrochloride of [ajo 
= —9.7° ± 0.2° in water, when 1.369 gm. were dissolved in water to a total 
weight of 12.751 gm. (sp. gr., 1.04). The hydrochloride was converted to 
the amino acid by solution in ethanol, chilling, and neutralization vrith 
concentrated ammonium hydroxide solution. The d-alanine which sep- 
arated was washed -^vith ethanol until free of chloride. 

l-Alanim — Z-Alanine, kindly furnished by Dr. 0. K. Behrens of Eli 
Lilly and Company', was dissolved in hydrochloric acid solution and cleared 
with norit. The crystals obtained by evaporation were dissolved in etha- 
nol and precipitated mth ether. The specific rotation was -1-9.4° ± 0.2° 
in water when 1.074 gm. were dissolved in water to a total weight of 12.729 
gm. (sp. gr., 1.03). The 1-alanine was regenerated from the hydrochloride 
in the same way' as for the d-alanine, except that dilute lithium hydroxide 
solution was used instead of ammonia water. 

d-Leucinc and l-Lcxteine — The preparation of these isomers has been 
described (1). 

Microbiological Procedure — The basal medium was that previously de- 
scribed (1). Growth was followed by the titration of lactic acid produced 
at 72 hours, as in the earlier study'. Rough visual checks of growth were 
made in all cases. 


EXPERlMEXT.il, 

The comparative effects of the amino acids tested are presented in 
Table I. The figures are presented for one composite experiment with the 
nine preparations. The results are in general typical of those obtamed m 
comparative studies of d, I, and dl forms of the single amino acids, ior 
leucine, a summary of the effects of 1-, d-, and dl-leucine is found in Table • 
The corresponding figures for the valines are found in Table HI. 
experiments recorded in Table II or III were done at different times vn 
different subcultures of the bacterium. All figures are the averages o 
duplicate determinations. _ , 

A confirmation of the different patterns of behavior of d-yaline ^ 
leucine can be found in Fig. 1, which depicts the typical variation 
in the presence of varying amounts of each amino acid. It is to be n 
that inhibition is manifested with quantities of added d-sxaino aci m 

smaller than 50 mg. , jg. 

The values for growth have in all cases been corrected as ^ 

viously (1). A second autoclaving effect, of interest in bioas^y, „ 
studied. After d-leucine has been autoclaved with a leucme-tree 
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Table I 


Comparison of Amino Acid homers and Racemates in Inhibition of Bacterial GrowtJi 


Addition to b&s&l medium in tube 

1 O.tOO K acid produced | 

Average 0.100 k 
acid produced 
(corrected) 


vd. I 

mi. 

mi. 

None 

2.39 

2.39 

2.23 

50 mg. I-leucine 

2.51 

2.71 

2.35 

50 “ di -leucine ] 

2.24 

2.21 

1.97 

SO “ d-leucine 

1.54 

1.48 

1.25 

50 “ i-valine 

2.66 

2.53 

2.17 

50 “ dZ-valine 

1.63 

1.76 

1.32 

50 “ d-valine I 

1.62 

1.77 

1.33 

50 “ Z-alanine ^ 

2.84 

3.31 

2.84 

50 “ dZ-alanine I 

3.05 

3.04 

2.81 

50 “ d-alanine | 

3.03 

2.95 

2.75 


Table II 

Comparative Bacterial Growth in Presence of Varioas Forms of Leucine 


Experiment No. j 

0.100 N acid pro- 
duced in control 

Ratio of growth to growth in control 

1 so mg. Mcucine i 

1 SO mg. dMeucine 

50 mg. d'leuciae 


1 ml. 

per cent 

1 per eenf 

per eetU 

1 

2.00 

106 

51 

16 

2 

2.54 

1 92 

57 

39 

3 

3.06 

86 

42 

33 

4 

2.42 

62 

37 

27 

5 

1.74 

98 

76 

58 

6 

2.42 

87 

68 

44 

7 

2.08 

107 

81 

64 

8 

1.93 

104 

100 

70 

9 

2.30 

1 80 

1 56 

22 

10 

2.24 

105 

88 

1 

56 

Average 

2.27 

93 

66 

43 





Table III 

Comparative Bacterial Growth in Presence of Various Forms of Valine 


Experiment No. ^ 

1 

0.100 N acid pro- 

j Ratio of growth to growth in control 

duced in control 

50 mg. /-valine 

50 mg. d/-valine 

50 mg. d-valine 


ml. 

per cent 

per cent 


1 

2.79 

95 

59 


2 

2. OS 

100 

n 


3 

1.93 

98 

so 


4 

2.24 

97 

59 j 


Average 

2.26 

98 

67 

64 
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a small amount of growth is observed. This growth can be almost entirely 
eliminated by sterilizing the d-leucine separately from the basal medium in 



MilLISRAHS of rf-V-EUtlNE ADDED 0 

Milusrams of rf - valine added a 

Fig. 1. Groivth of Lachbacilltts arahinosus with varying amounts of rf-Ieocine 
and of d-valine added to the basal media. These curves are constructed from sep- 
arate experiments. 
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AutecfQvtd T» 
AulDelDvad Si 

peretely 

l£i 


MILLIORAMS OF <F- LEUOIME ADDED 


Fig. 2. Effects of autoclaving d-Ieucine together with and separately from 
leucine-free medium- 


each tube. The results of autoclaving various amounts of 

basal leucine-free medium separately and together are presented in ig- 
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With amounts of added d-leucine of less than 1 mg., no differences were 
measurable. One conceivable e.xplanation for the results obsen-ed when 
the d-leucine is autoclaved vdth the medium is racemization at 120° in the 
presence of glucose. This hypothesis cannot be tested polarimetrically, 
since the calculated change in rotation would be far less than the errors in 
measurement of rotation. The results obtained, especially when pure 
c/-leucine is autoclaved separately from the medium, however, indicate 
agreement with the conclusion of Stokes and Gunness (8) and Kuiken 
et al. (9) that d-leucine is not utilized for growth by Lactobacillus arabinosus 
under usual bioassay conditions. One may contrast these inferences with 
that of Hegsted (10), who indicated “Probably not more than 10 per cent” 
of Meucine activity from results -with a sample of d-leucine reported to 
contain 6.7 per cent of the I isomer. 

Because of the variation in degree of inhibition in experiments run at 
different times, all comparative experiments have been run on aliquots of 
single bacterial suspensions. 


DISCUSSION 

The results in Table I demonstrate that the inhibitory effect of mono- 
aminomonocarboxylic acids on the growth of Lactobacillus arabinosus pos- 
sesses an antipodal specificity. Marked inhibition is found ndth the 
dextro configuration of amino acids possessing a relatively voluminous 
side chain, such as the isobutyl or isopropyl radicals in leucine and valine, 
but not ivith the methyl side chain in alanine. Such a correlation has also 
been found to apply to amino acids which ivere components of peptides 
subjected to the hydrolytic action of peptidase (4), carboxypeptidase (11), 
and papain (12). None of the I forms is appreciably inhibitory in either 
the enzymolytic or intact bacterial synthetic systems. 

In both types of system, the influence of d-peptidase has not been ade- 
quately evaluated. The analogy is not perfect, but the same general 
principle of steric hindrance seems to apply. The hypothesis that the 
inhibitory d-amino acids interfere quite directly vdth the synthesis of pro- 
tein in the bacteria seems compatible with and inferentiall 5 ’ supported by 
the present state of knowledge. 

It is perhaps significant that the d-amino acid isomers isolated from 
gramiciin have been those of leucine and valine. Alanine which has 
been obtained from this source was of the levo configuration only (13). Of 
the same group, in the present study, the d isomers of valine and leucine 
were alone inhibitory; that of alanine was not. This t 3 ’pe of inhibition 
experiment also differs fundamentally from studies (10) in which d-leucine 
and d-valine were tested in incomplete media. The use of high levels .of 
d-amino acid to studj' inhibition in relatively complete media as in the 
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experiments 50 me of ^ iB\estigatioiis (14). In the present 

200:1- a 10 'me aHHif ^ ‘^•leucine to Meucine of 

QutmeMs ‘f** "7 "’** ‘l>' ""‘"'“■I 

this irork reoiiirps l 7’*“” tcids. The strain of bacterium employed is 
alanine is arppec valine in the leva configuration, whereas 

Sfb to be valid, 

I isomer A teL " °Bld have to compete specificaU,v with its own 

metabolite nnf v-orkers seem to believe in marked specificit}- in 

Tojw 1 e.xperimental evidence for the 

studvinn- tVi ^ Bot generally highly specific. In 

antiamino acid group of aminoalkylsulfonic acids, Mcllwain 

'iminn o B^Bmple, that the inhibition is reversible by groups of 

hihtfin ir ™ .^^Bn just the specific amino acid analogue of the in- 

hibiting sulfonic acid. 


The results obtained here with d-amino acids and the findings of Berg 
}vrnu-v^ COW orlmrs w-ith d-peptides can explain the relative non-h 3 -dro 
. 'V' ^ ^ Bacillus anfhracis P antigen (17) and of gramicidin and 

yroci ^ ne. The common factor would seem to be steric hindrance. As 
was ongmally suggested by Lipmann, Hotchkiss, and Dubos (18), the 
tf-ammo acid m peptide form may also account for some of the antibacterial 
ac i\ 1 y o the peptides, especially since inhibition of bacterial growth by 
d-amino acids has now been demonstrated. 

The conceivable mechanisms of inhibition of growth by d-leucine and 
d-valine can be grouped into two main tj-pes. Either protein sj-nthesis is 
interfered w-ith quite directly or some other tj-pe of metabolism, such as 
8 J coij sis,^ is slowed down. Interference with either protein synthesis or 
g j col 3 ''sis in an intact organism can of course be expected to influence both 
processes. This is especially true since glycol 3 'sis is a logical source of free 
ener^- for the s 3 mthesis of the peptide linkage (19). 

It is clear, however, that the bacterial processes are retarded b 3 ' d-valine 
and d-leucine. In view of the similarity to the antipodal specificit 3 - found 
for proteol 3 ’’tic enz 3 Tnes, a modification of Bergmann’s picture of the in- 
hibitory mechanism may be offered. Projections of the amino acid isomers 
studied are presented in the accompan 3 dng diagram. A s 3 mthesizing en- 
Z 3 ’me, according to this concept, would have reacting groups in lived 
spatial arrangement. These groups would be attracted to appropriate 
groups of the end of the peptide chain being lengthened and simultaneousb’ 
to a clockwise arrangment of the or-carbon, carboxyl, and amino groups of 
the reacting amino acid. The enzyme, for example, is attracted to fha 
carbon, carboxvd, and amino groups in an 1-amino acid in a clockwise order 
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inhibitory. The theoretical implications of these results have been dis- 
cussed. 
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ISOLATION AND PURIFICATION OF STREPTOMYCIN* 

Bt HERBERT E. CARTER, R. K. CLARK, Jb., S. R. DICKMAN, 
Y. H. LOO, P. S. SKELL, and W. A. STRONG 

(From the Division of Biochemistry, Noyes Laboratory of Chemistry, 
University of Illinois, Urbana) 

(Received for publication, July 3, 1945) 


There has been considerable interest recently in the antibiotic agents 
streptothricin and streptomycin (1—11). These substances are antagonistic 
to Gram-negative bacteria as well as to Gram-positive. Streptomy- 
cin has a low toxicity (5) and shows promise for the treatment of infec- 
tions which are resistant to penicillin (4—11). In the first reports on strepto- 
mycin and streptothricin Waksman and coworkers (1, 3) indicated that 
they were water-soluble organic bases. Since that time little chemical 
information about these substances has appeared until the recent paper 
of Fried and Wintersteiner (12). These authors describe certain prop- 
erties of streptothricin and streptomycin, including the preparation of 
crystalline salts of the two bases with Reinecke acid, but give no details 
of the preparation of streptomycin. It is the purpose of this paper to 
present the methods developed in our laboratory for the isolation and 
purification of streptomycin. 

Surface culture filtrates of Streptomyces griseus assaying 100 to 180 
units* of streptomycin per ml. served as the starting material for this 
work.= Butyl alcohol fails to remove active material from an aqueous 
solution over a pH range of 2 to 9, and more alkaline solutions inactivate 
streptomycin. Streptomycin dialyzes rapidly from the culture filtrate 
but such a process has proved of no great practical value. A study of 
adsorption methods revealed that a variety of common agents removes 
streptomycin from an aqueous solution. The use of carbon as describe 
by Schatz, Bugie, and Waksman (3) proved to be satisfactoiy, the activity 
bemg eluted from the carbon with hydrochloric acid in 95 per cent ethanol. 


‘ This work was supported by a generous grant from the Abbott laboratories. Ell 
Lilly and Company, Parke Davis and Company, and The Upjohn Company. e 
authors wish to express their appreciation to these companies for the grant an a s 


for supplies of streptomycin and streptothricin. 

* The microbiological assays were made by a paper disk-agar p ate ® * * 

Bad7iti5 5n6/i7ts as the test organism (in press). Thanks to the courtesj o , 

Waksman, it was possible to adjust our standard so that the units correspon 

roughly to the Waksman coft dilution unit. ^ t zj *• ,ii 

* Dr. H. W. Anderson and Dr. H. H. Thornberry, of the Department of H°rticuL 
ture, kindly supplied us with the culture filtrates. We are happy o ac "n 


our indebtedness to them. 
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However, anhydrous methanolic hydrogen chloride is a more convenient 
reagent, since the active material can be precipitated directly from the 
methanol solution with ether. The method of isolation as finally developed 
consists in clarification of the culture filtrate at pH 2 with 0.5 per cent of 
carbon and removal of the acthdty at pH 7 with 1 per cent of carbon. 
The carbon is washed successively with water, neutral ethanol, and neutral 
methanol, and the activity is then eluted by two or three extractions uith 
0.1 N methanolic hydrogen chloiide. The neutral ethanol wash removes 
a large amount of material from the carbon, and a fraction of active material 
also is extracted. The methanolic hydrogen chloride solutions are com- 
bined and 2 to 3 volumes of ether are added, precipitating crude strep- 
tomycin chloride. The precipitate is usually a light brown amorphous 
powder. However, if the methanol solution contains much water, the 
product is a sticky gum. In either case the crude material may be purified 
slightly by reprecipitation from methanol vrith ether. The over-all re- 
covery by this method varied from 30 to 50 per cent, and the products 
assayed from 150 to 300 units per mg. 

The crude streptomycin chloride was subjected to several colorimetne 
tests in order to detect functional groups, and also in the hope of secunng 
a rapid qualitative test which could be used in following the active mstena 
in chromatographic procedures. As was to be expected, positive te^ 
were obtained, due to impurities. However, the Sakaguchi test for the 
guanidine group was positive on all active fractions and proved to e 
extremely useful in following purification procedures, despite the fac 


that certain inactive fractions also gave a positive test. ^ 

A simple method of purifying streptomycin resulted from a study o 
its behavior on alumina columns. Alkaline alumina removes streptomycin 
from neutral aqueous solutions, and elution with aqueous acid is slow an 
incomplete. Acid-washed alumina does not remove streptomycm ro 
an aqueous solution but does so from aqueous methanol. This infonnation 
provided the basis for a chromatographic method of purification, 
a faintly acid solution of crude streptomycin chloride in 70 to 80 per c 
methanol is percolated over a sulfuric acid-washed alumina column IP 
5 to 6), an inactive fraction giving a positive Sakaguchi test first appears, 
followed by a Sakaguchi-negative fraction. Then the Sakaguchi es^ 
rapidly rises to a peak and gradually decreases, paralleling the antibac ^ 
activity of the fractions. A small amount of active material remains 
the column and can be washed through by lowering the methanol ._ 
of the solvent. This material contains sulfate ion but no chloride. 
dently chloride ion has been replaced by sulfate from the column, an 
streptomycin sulfate thus formed then passes through the , 

rapidly, since the sulfate is much less soluble than the chloride in me an 
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The various fractions from the column were concentrated and lyophi- 
lized, giving white amorphous powders. The most active fractions ranged 
from 600 to 900 units per mg. and amounted to approximately 80 per 
cent of the total. Less active fractions can be purified somewhat by a 
second passage over-the column. This technique therefore affords a simple 
method of obtaining potent preparations of streptomycin. Satisfactory 
results are obtained only if the starting material has an activity of about 
200 units per mg. or higher. Less pure preparations contain substances 
which interfere rvith the development of the chromatogram. 

Previous to the report of Fried and Wintersteiner (12) we had not 
obtained a crystalline derivative of streptomycin, and hence could not 
estimate the purity of our preparations. Fried and Wintersteiner isolated 
a crystalline reineckate which assayed 370 to 410 units per mg. and de- 
composed at 162-164° (corrected). They were able to convert this rein- 
eckate to the sulfate which assayed 850 units per mg. It thus appears 
that the more active streptomycin chloride fractions from the alumina 
column were approaching purity. Further, they are readily converted 
to a reineckate which assays 400 units per mg. and decomposes at 164-165° 
(corrected). 

Streptomycin chloride and sulfate were obtained as white amorphous 
powders. The chloride is quite soluble in methanol, less soluble in ethanol, 
practically insoluble in butyl alcohol, acetic acid, and pyridine. The 
sulfate is only slightly soluble in methanol and practically insoluble in 
the other solvents. 

Streptomycin gives a positive Sakaguchi test, and the presence of a 
guanidine group is also indicated by the fact that alkaline hydrolysis 
results in the formation of ammonia and the disappearance of the Saka- 
guchi test. Streptomycin also gives a positive test for the hydroxyl 
group (13). Negative tests are obtained in the amino nitrogen (nitrous 
acid and ninhydrin), Hopkins-Cole, Millon, xanthoproteic, biuret, and 
Pauly (hazo tests. The presence of a carboxyl group is highly questionable, 
since streptomycin chloride, obtained by precipitation from methanolic 
hydrogen chloride with ether, gives an approximately neutral solution. 
Tbe ultraviolet spectrum of streptomycin shows only end-absorption 
below 230 ma, which makes improbable the presence of an aromatic ring 
or- conjugated double bonds. 

Streptomycin is inactivated rapidly by 0.1 n sodium hydroxide at room 
temperature. It is relatively stable over a pH range of 1 to 10 but is 
inactivated by 1 n hydrochloric acid. 

Streptothricin can be isolated readily by the carbon elution method 
from surface culture filtrates of Streptomyces lavendvlae. In this case 
the pretreatment with carbon is not necessary. 
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EXPERIMENTAL 


Isolalion of Slreptomycin — Surface culture filtrates of Sireplomyccs 
griseus grown on a peptone-meat extract medium were used. 56 liters 
(150 imits per ml., 8.9 million units total) were acidified to pH 2.0 with 
concentrated hydrochloric acid, stirred for 10 minutes with 280 gm. of 
norit A (huchar C-190-N is equally satisfactory), and filtered with the 
aid of Super-Cel. The clear filtrate (containing 7.4 million units) was 
adjusted to pH 7.0 to 7.5 with potassium hydroxide and stirred for 10 
minutes with 560 gm. of norit A. The activity was removed eompletely 
by this treatment. The carbon was filtered and washed ivith water. 
It was transferred to a beaker and suspended in 2 liters of neutral ethanol. 
The ethanol was filtered and the carbon was washed in the same way with 
2 liters of neutral methanol. These preliminary alcohol washes removed 
a considerable quantity of highly colored material and 0.9 million units 
of activity. 

The bulk of the active material was eluted from the carbon by suspending 
it in two successive 3 liter portions of 0.1 N methanolic hydrogen chloride. 
The methanol filtrates (containing 3.4 million units) ivere diluted imme- 
diately® \vith 4 volumes of dry ether, quantitatively precipitating the activity. 
The crude streptomycin chloride was filtered and reprecipitated from meth- 
anol with ether. The product was washed vdth ether and dried in vacuo, 
giving 11.9 gm. of a friable, lightly colored, hygroscopic pov'der, assaying 
250 units per mg. The yield of this material was 33 per cei t of the ongi- 


nal activity. 

Chromatographic Purification of Streptomycin Chloride over Alumina. 
(A) Preparation of Column — Merck or Harshaw alumina was acidifie 
to pH 6 with 50 per cent sulfuric acid and back-washed with distilled cater 
until the washings were sulfate-free. At this point the supernatant liqm 
was at pH 6.0. The alumina was transferred to the column as a slurry, 
washed with a small quantity of water, and then thoroughly with 80 per 
cent methanol. A glass column (3.2 cm. in diameter), containing 4 
ml. of packed alumina, was used for 8 to 10 gm. lots of crude strep li- 


my cin. 

(B) Procedure — The crude streptomycin chloride (9.9 gm.., 221 units per 
mg., 2.19 million emits) was dissolved in 90 ml. of 80 per cent methane 
and brought to pH 6.3 with 2.0 n lithium hydroxide in 80 per cent rnethano . 
Brom-cresol purple was used as an outside indicator. The 
cipitate which formed was filtered and the filtrate was poured 
into the column. The chromatogram was developed with 80 per 
methanol and the solution leaving the column was collected m 1 

’ The operations may be discontinued at any point prior to the treatment with 
methanol. Thereafter delay will cause considerable loss of activity 



CAHTEH, CLARK, DICKMAN, LOO, SKELL, STRONG 


341 


fractions. Sakaguchi and cliloride tests were made to check the location 
of the active material. The results of this column are summarized in 
Table I. As shown in Table I, inactive Sakaguchi-posith^e material 
passed through the column first. HoweA'er, with the appearance of the 
streptomj'cin the intensity of the Sakaguchi test roughly paralleled the 
activity (Fractions 8 to 20). "i^Tien the Sakaguchi color began to decrease 


Table I 


Fractionation of Crude Streptomycin on Alumina Column 


Frac- 

tion 

No 

Volume 

Saka- 

guchi 

Chlo- 

ride 

Ac- 

tivity 

Total 

units 

Frac- 

tion 

No 

Volume 

Saka 

guchi 

Chlo- 

ride 

Ac- 

tivity 

Total units 


ml 



untls 
per rrd 


■ 

ml 



units 
per ml 


2 

800 

— 

+ 

0 


19 

100 

+++ 

+ 

1340 

134,000 

3 

100 

— 

+ 

0 


la 

100 

+++ 

+ 

1340 

134,000 

4 

100 

-f- 

+ 

0 


17 

100 

4-4-4- 

+ 

1140 

114,000 

5 

100 

+ 

+ 

0 


18 

100 

++ 

+ 

960 

96,000 

6 

100 

+ 

+ 

0 


19 

100 

++ 

+ 

920 

92,000 

7 

100 

_ 

— 

16 

1,600 

20 

100 

++ 

+ 

570 

57,000 

8 

100 

+ 

4* 

170 

17,000 

21 

100 

++ 

+ 

720 

72,000 

9 

100 

+ 

+ 

400 


22 

100 

4 — h 

+ 

1060 

106,000 

10 

100 

4“ 

+ 

570 

57,000 

23 

100 

+ 

+ 

570 

57,000 

11 

100 

++ 

+ 

800 

KiyiMiij 

24 

200 

+ 

+ 

800 

160,000 

12 

100 

+++ 

+ 

1140 

114,000 

25 

200 

+ 

- 

380 

76,000 

13 

100 

+++ 

+ 

1140 

114,000 

26 

200 

+ 

- 

400 

80,000 

14 

100 

+++ 

+ 

1140 

114,000 








Total units recovered 


1,715,000 


Table II 

Solid Fractions from Alumina Column 


Fraction No 

Weight of solid 1 

Activity of solid 

Nitrogen content 


gm 

units per mg 

per cent 

7-11 

0.45 

600 

11.40 

12-17 

1.00 

900 

13.47 

18-23 

0 65 

620 

13.83 

24-26 

0.43 

520 



(Fraction 20), the 80 per cent methanol was replaced with water, which 
accounts for the second peak of activity. The streptomycin recovered 
amounted to 80 per cent of the original activity. In order to obtain solid 
streptomycin preparations various fractions were combined, concentrated 
‘in vacuo at room temperature, and dried by the lyophile process. The 
activity and nitrogen content of the solids are shown in Table II. 













342 


STREPTOMYCIN 


Preparation of Streptomycin Reineckale — A saturated aqueous solution 
of ammoniura reineckate was added slowly to an aqueous solution of 
■800 units per mg, of streptomycin ehloride until no further solid separated. 
The gelatinous precipitate readily dissolved on wanning in water, and 
on allovdng the solution to cool slowly streptomycin reineckate crystallized 
in the form of plates, decomposing at 164-165® (corrected). After two 
Tecrystallizations from water the product assayed 400 imits per mg. 

The authors wish to acknowledge the technical assistance of J. Irwin, 
W. Mitchell, I. Rhymer, and R. Pogrund. 

SUMMARY 

Methods are described for the isolation of streptomycin chloride from 
surface culture filtrates of Streptomyces griseus and purification of the 
crude material by a chromatographic process over alumina. 
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A RELATIONSHIP BETWEEN GLYCOGEN SYNTHESIS AND 
RESPIRATION IN LI\TER SLICES 

Bt DANA I. CRANDALL* 

(From the John Herr Mxtsser Department of Research Medicine and the Department of 
Physiological Chemistry, School of Medicine, University of Pennsylvania, 
Philadelphia) 

(Received for publication, June 13, 1945) 

The synthesis of glycogen from glucose by slices of rabbit liver suspended 
in a bicarbonate-Ringer’s medium was demonstrated by Cross and Holmes 
(6) and by Ostem, Herbert, and Holmes (17). Unlike the synthesis in vivo, 
high concentrations of glucose must be present in the medium; otherwise 
glycogenolysis rather than glycogenesis occurs. 

In addition we found that a high pH favored sjmthesis. Accordingly we 
studied the synthesis of glycogen by slices of rabbit liver in a bicarbonate- 
Ringer’s medium containing 1 per cent glucose at an initial pH of 8.5. The 
uptake of oxygen and the respiratory quotient were also determined. A 
relationship was found between the sjmthesis of glycogen and the type of 
metabolism (as shown by the two respiratory factory) which is interpreted 
to indicate the main source of energy utilized for glycogen synthesis by the 
liver cell. 


EXPERIMENTAL 

Yoimg rabbits were fasted for 24 hours. Immediately following decapi- 
tation, the livers were removed and washed free of blood with saline. 
Slices 0.5 mm. thick and approximately 200 mg. in weight w'ere prepared 
with a double razor blade cutter, weighed on a micro torsion balance, and 
placed with 1.5 ml. of medium in manometer vessels of a special type de- 
signed for use ivith bicarbonate buffer. The method' is a modification of 
the second method of Dickens and Simer (7). With it, the oxygen con- 
sumption, R.Q., acid production, and the change in pH are measured for the 
total experimental period. 

The medium contained NaHCOs 0.075 m, XaCl 0.045 m, MgCh 0.002 m, 
Rud glucose 0.055 m (total osmolarity 0.300) and was equilibrated at 37° 
with 1 per cent COj-OO per cent O 2 , giving an initial pH of 8.5. Calcium 
ions W'ere omitted from the medium owing to insolubility of the carbonate 

* The data in this paper are taken from the thesis presented by Dana I. Crandall to 
the Faculty of the Graduate School of the University of Pennsylvania in 1945 in par- 
tial fulfilment of the requirements for the degree of Doctor of Philosophj'. 

' Stadie, W. C., unpublished. 
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at pH 8 . 0 . The medium was modified in some cases by the addition of 
small amounts of accessory substrates; occasionally the glucose was higher, 
but the total osmolarity was maintained at 0.300 by reduction of the 
chloride concentration. 

At the end of the 2 hour experimental period, the tissue was killed by 
0.4 ml. of 1 N H 2 SO 4 tipped into the main portion of the vessel which was 
then shaken for an additional hour in the bath to permit the liberation of 
CO 2 from the bicarbonate and its subsequent absorption. This final equi- 
libration was necessary to complete the data required for the calculation of 
the respiratory activity of the tissue. When the equilibration was com- 
pleted, the slices were transferred to hot KOH for glycogen determination. 
Adequate control experiments showed that the tissues lost 7 ± 2 per cent 
of their glycogen during this period between the termination of respiration 
and fixation in hot alkaU, 

Glycogen was determined by the method of Good, Kramer, and Somogyi 
(9). Changes in glycogen content were obtained by comparing the final 
glycogen contents of the experimental slices with values obtained from 
control slices which were contained in certain control manometer vessels 
into which the 1 N H 2 SO 4 was tipped at the beginning of the experimental 
period. These slices were added to hot KOH after a 1 hour period of shak- 
ing in the acidified mdtiium. 

Manometrie determinations of pH were made at the beginning and at 
the end of the experimental period. The initial pH values ranged from 8.3 
to 8.4 and the final pH from 7.3 to 7.7. 

Results 

It is important to emphasize that the data (Table I) in each experiment 
were obtained with the tissue from a single liver. 

Wide variations in glycogen formation, oxygen consumption, and R.Q. am 
apparent in the data in Table 1 taken as a whole. However, when each 
experiment is considered separately, it is foimd that the variations in glyco- 
gen synthesis and oxygen uptake were interrelated in tissue slices taimn 
from the same liver, provided they were suspended in identical media. i 
show this, the values for glycogen synthesis were plotted against the corre- 
sponding values for the oxygen consumption of the same slices (Fig. H- 
Straight lines were drawn by inspection through the points corresponding 
to the data obtained with slices from the same liver suspended m e 
same medium. 

The following conclusions were draivn: (1) An increase in o.xygen con 
sumption was accompanied by an increase in the amount of glycogen syn 
thesized. (2) The slopes of the lines (each corresponding to a dmeren 
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liver except in experiments in which two sets of slices from the same liver 
were studied in different media) varied from 0.02 to 0.22. 

These slopes are interpreted as a measure of the extent to which an 
increase in oxygen consumption was accompanied by an increase in glycogen 

Table I 

Glycogen Synthesis, Oxygen Consumption, and Respiratory Quotient of Liver 
Slices from Fasted Rabbits 


Bicarbonate-Ringer’s medium; glucose concentration 1 per center greater; ex- 
perimental period 2 hours at 37°; initial pH 8.3 to 8.4; final pH 7.3 to 7.7. 


Experiment No. 

0^‘gen uptake 

a Q. 

Glycogen increase 


micromoles per gm. tissue \ 


mg, per gm. tissue per 


per 2 hrs. i 


2 hrs. 

184 

173 

0.72 

+7.2 


154 

0.71 

-1-5.4 


191 

0.79 

+8.3 


198 

0.71 

+10.0 

187 

164 

0.79 

+11.8 


96 

0.93 

-3.2 

189A 

124 

0.44 

+7.4 


116 

0.66 

+6.8 


88 

0.67 

+5.0 

189B* 

110 

0.52 ■ 

+3.3 


115 

0.75 

+3.6 

194A 

139 


+5.4 


206 

0.67 

+9.6 

194Bt 

89 

0.50 

+0.4 

123 

0.60 

+1.3 

201t 

182 

0.68 

+14.2 


146 

0.72 

+9.8 


207 

0.77 

+16.8 

205§ 

199 

0.81 

+6.1 

226 

0.76 

+9.4 


242 

0.68 

+8.7 


174 

0.70 

+3.9 


* 0.01 M phlorhizin present. 

tThe medium consisted of Simms o.x serum ultrafiltrate fortified with 0.0&4 m 
N aHCOa and 0.050 M glucose, and equilibrated with 1 per cent COj-99 per cent •. 
J 0.90 M glucose -1- 0.020 M fructose substituted for 0.055 M glucose. 

§ 0.110 M fructose substituted for 0.055 m glucose. 

sjmthesis. The slopes are designated A glycogen/A oxygen, and are plotted 
against the average r.q. found in each set of liver slices (Fig. 2). 

A direct relationship between the two variables is indicated bj a correla- 
tion coeflBcient of 0.92 zt 0.06. 
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Fig. 1. Glycogen synthesis plotted against oxygen uptake in slices taken from the 
same liver and suspended in the same medium. Data for the experiments represenfea 
by the curves are given in Table I. 



0.5 0.6 0.7 0.8 O:"! 

AVERAGE RESPIRATORY QUOTIENT 

Fig. 2. A glycogen/A oxygen plotted against the average B.Q. Each point corre 
sponds to a set of slices from the same liver suspended in the same medium. 
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^ From Figs. 1 and 2 it is concluded that under these experimental condi- 
tions glycogen synthesis is directly dependent on both oxygen uptake and 
K.Q. Further indication that a direct relationship exists between glycogen 
S3mthesis and h.q. was obtained by comparing the average increases in 
glycogen for different sets of liver slices with their average b.q. values. 
The advantage of this procedure is that in addition to the data cited above- 
it penmts the use of data from eight additional experiments (not listed in 
Table I) in which A glycogen/A oxygen could not be estimated owing to 



Fig. 3. The average increase in glycogen plotted against the average k.q. Each 
point corresponds toa set of slices from the same liver suspended in the same medium. 

the lack of significant variations in both the amounts of glycogen synthe- 
sized and the oxygen uptakes in each experiment. 

A correlation coeflScient of 0.72 ± 0.13 between average r.q. and average 
glycogen increase was calculated from the data plotted in Fig. 3. 

The variations in glycogen synthesis, oxygen uptake, and h.q. have been 
spontaneous rather than experimentally controlled. The variations in the 
oxygen uptake of different slices taken from the same liver are probably 
due in part to different degrees of tissue damage inherent in the slicing tech- 

’ Experiment 187 has been omitted from this comparison owing to the high initial 
glycogen levels (30 mg. per gm.) in the tissue, a factor which is known to interfere 
with glycogen synthesis in vitro. 
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nique and partly due to the fact that the slices were taken at random from 
different lobes of the liver. The variation in the average r.q. of sets of 
slices taken from different livers ma 3 '’ reflect differences in the metabolic 
states of the 24 hour-fasted rabbits at the time of death. The variations 
between the r.q. values of individual liver slices from the same liver (see 
Table I) are possibly artifacts arising from errors in the measurement of 
CO; production inherent in the manometric method. 

DISCUSSION 

The data presented here show that a given increase in oxygen consumi>- 
tion (A oxygen) by the liver slices was accompanied by an increase in the 
amount of glycogen synthesized (A glycogen) and that A glycogen/A oxygen 
was greater, the higher the R.Q. These effects are interpreted as follows: 

1 . The apparent dependence of A glycogen on A oxygen is attributed to 
the necessity for aerobic phosphorylation of the glucose which has been 
shorni to be the probable first step in gl 3 mogen synthesis by the work of 
Cori, Colowick, and their associates on cell-free extracts of liver (3) and 
isolated enzyme systems (4, 19). The occurrence of this reaction in vivo 
is strongly indicated by the experiments of Kaplan and Greenberg on the 
distribution of radioactive phosphate in the liver phosphates of intact 
rats (10). 

2. The direct relationship observed between glycogen synthesis and R.Q- 
and, in particular, between A glycogen/A oxygen and r.q. is considered as 
evidence that the high energy phosphate required for the initial phos- 
phorylation of the glucose arises primarily from the COi-producing com- 
ponents of the total oxidative metabolism of liver slices. Evidence that 
carbohydrate favors the production of this energy is foimd in numerous 
obsenmtions that glucose tolerance is highest in animals maintained on a 
high carbohydrate diet and lowest in those fed a high fat diet (2). Kaplan 
and Greenberg have showm that the level of adenosine triphosphate in t e 
liver in vivo and the ability of the liver to increase this level in response to 
glucose administration parallel glucose tolerance in rats maintained on mg 
carbohydrate, high protein, and high fat diets (11). 

The known metabolic pathways which are capable of generating g^ 
energy phosphate are (a) the transformation of glucose to pyruvic a 
lactic acids by a pathway either similar to or identical with the Meyer 
glycolysis scheme which is a recognized source of high energy pnosp 
(15); (b) oxidations ida the tricarboxylic acid cycle demonstrate 
pyruvic acid in pigeon liver (8, 13, 20), and shoum to involve 
tion of high energy phosphate in cell-free extracts of heart (3, lo), ' 

(5), and in liver in vivo (10, 12); (c) the oxidation of ketone bodies 
tricarboxylic acid cycle demonstrated in kidney homogenate (!;■ 
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is no evidence, to date, that high energy phosphate arises from the con- 
version of fatty acids to ketone bodies, although Lehninger has shown 
adenosine triphosphate to be necessary for the initiation of this con- 
version (14). 

The oxidative reactions under consideration fall into two categories with 
respect to r.q. and are given in Table II. 

Since ketone bodies accumulate extensively in normal liver slices (18), 
Reaction 4 (Table II) may be considered as a separate entity and as the 
main factor responsible for the low r.q. (appro.ximately 0.6 in the absence 
of substrates). An increase in r.q. of the liver slice is an indication that 
an increasing percentage of the oxygen uptake is being used in COa-pro- 
ducing rfeactions and, conversely, a decrease in r.q. is an indication that a 
greater percentage of the oxygen uptake is being utilized in 'a major reac- 
tion -which does not yield COj; namely, ketone production. 


Table II 

Oxidalive Reactions in Liver* 


Type No. 

Reaction 

R.Q. 

1. O 5 consumed, COj evolved 

1 . Acetoacetic acid oxidation 

1.0 

(oxidations via tricar- 

3-Hydroxybutyric acid oxidation 

0.9 

boxylic acid cycle) 

2. Pyruvic acid oxidation 

1.2 

2. O 2 consumed without CO2 

3. Pyruvic acid formation from glucose 

0 

production 

4. Ketone body “ “ fatty 

acids 

0 


* Urea formation (r.q. == — 2.0) has been omitted, since it accounts for only 7 per 
cent of the total oxidative metabolism of liver slices in the absence of amino acids as 
substrates. 


^Tien the direct dependence of A glycogen/A oxygen on r.q. is considered 
in relation to the present status of knowledge of Uver metabolism, outlined 
above, it is felt that one' of two alternative hypotheses must hold for liver 
tissue. Either much more high enei^y phosphate arises per unit of oxygen 
consumed by the COs-producing component of the total oxidati%'e metabo- 
lism than by the conversion of fatty acids to ketone bodies, or, in the event 
that the conversion of fatty acids to ketones gives rise to as much (or more) 
high energy phosphate per unit of oxygen consumed as the CO^-producing 
oxidations do (the tricarboxylic acid C 5 mle), this energy is unavailable for 
glycogen synthesis. 

The author wishes to express his sincere appreciation to Dr. William C. 
Stadie for his kind interest and valuable ad\'ice during the course of 
this work. 
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SUMMARY 

Direct relationships between glycogen synthesis and oxygen consumption 
and between glycogen synthesis and respiratory quotient were observed in 
liver slices, from fasted rabbits, suspended in a bicarbonate-Ringer’s medium 
containing glucose. 

The data are interpreted as evidence that the energy needed for the 
synthesis of glycogen from glucose in liver tissue arises primarily from 
oxidations which give rise to COj. 
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CELL STRUCTURE AND THE PROBLEM OF BLOOD 
COAGULATION* 

Bt ERWIN CHARGAFF , 

{From the Department of Biochemistry, College of Physicians and Surgeons, 
Columbia University, New York) 

(Received for publication, July 12, 1945) 

The cardinal function of tissue cells in initiating the process of blood 
coagulation has long been known. The recognition of the presence in cells 
of a water-soluble clotting activator (1-i), regarded as a general constituent 
of the protoplasm (5), has led many workers to assign to it a pivotal r61e 
within the coagulation phenomenon. 

Studies, carried out in this laboratory during the past few years, have 
drawn attention to the occurrence in lung tissue of a lipoprotein of very 
high particle weight, the thromboplastic protein, which proved to be an 
e,irtremely potent activator of prothrombin. A summaiy of the properties 
of this substance null be found in a recent review (6). Whether the 
thromboplastic activity exhibited by crude lung ex-tracts was all ascribable 
to the thromboplastic protein or whether other cell fractions likewise had 
similar properties remained, however, undetermined. The present study 
will provide a comparative survey of the thromboplastic activity of repre- 
sentative cellular fractions isolated from lung tissue. 

The difficulty of correlating what the cytologist observes in a cell with 
what the chemist isolates from it is ob\ious and requires no comment. 
Apart from the tenuous support provided by color reactions and optical 
observations, the evidence is meager indeed. (A discussion of some of 
these aspects will be found in recent monographs (7, 8).) The fractions 
examined in the present study for thromboplastic activity comprise, in 
addition to the cell nuclei, all non-dialyzable substances that can be ex- 
tracted \vith physiological saline from lung tissue. A varietj- of cell species 
must, of course, have contributed to these fractions which include (1) the 
thromboplastic protein, a macromolecular lipoprotein containing some 
pentose nucleic acid (9, 10), considered, by present mews, to be of C 3 rio- 
plasmic origin;' (2) coarse tissue particles sedimenting at between 1900 and 
5000 g, consisting of material of unknomi origin together with varying 

* This work has been supported by a grant from the John and Alary R. Alarkle 
Foundation. This is Paper XIX of a series of studies on the chemistry of blood co- 
agulation. 

' The direct observation of submicroscopic cytoplasmic particles was recently 
made possible by electron microscopy (11). 
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amounts of the thromboplastic protein that became aggregated in the 
course of the manipulations; (3) the proteins (consisting of four electro- 
phoretic components) extractable from the tissue with physiological saline 
and not sedimentable by high speed centrifugation which form the bulk of 
the extract and probably represent a mixture of both intercellular and intra- 
cellular substances; and, finally, (4) the cell nuclei. 

A satisfactory efficiency of fractionation is attested to by the distribution 
of acetal phosphatides and of desoxypentose nucleic acid in the various 
fractions examined. The demarcation lines were quite sharp; acetal phos- 
phatides were found only in the heavy tissue particles and in the thrombo- 
plastic protein, desoxypentose nucleic acid only in the nuclei. Even more 
fortunate for the purposes of the present study was the finding that the 
thromboplastic activity was practically all concentrated in one cell fraction; 
vis., the thromboplastic protein sedimenting from lung extracts at 31,000 g. 
The coarser aggregates sedimenting at an intermediate centrifugal speed ex- 
hibited some activity, but this was probably due to an admixture of some 
compacted thromboplastic protein, since in previous experiments (10) com- 
parable fractions were encountered that were almost devoid of activity. 
The other fractions examined, viz. the nuclei and the non-sedimentable 
tissue proteins, contained only minute traces of thromboplastic activity. 

It is too early to attempt a delineation of the relationship between the 
physiology of blood clotting and what might be called its cytology, although 
the discovery that the thromboplastic activity is localized in one defimte 
macromolecular fraction of the cytoplasm may, at a later date, prove of 
importance. Size, in compounds having biological activity, is probably 
not an accident. It is significant that the only cell fraction endowed rvith 
thromboplastic activity has the enormous particle weight of 170 million 
(9), a fact that will, among other things, influence the rate at which the 
active substance diffuses, once the cell wall is ruptured. The question 
may be raised whether, in view of the ability of tissue particles to adsorb 
enzymes, the thromboplastic agent should be considered as forming an 
integral part of the large structure. It is not yet possible to give a definitive 
aiiswer, but it should be remembered that almost no activity could be de- 
tected in the supernatants following the sedimentation of the thrombo- 
plastic protein and that under conditions in which a considerable amoun 
of phosphatase could be detached from the macromolecular complex e 


thromboplastic activity remained combined with it (10). 

Heparin is known to be present in lung tissue in a high concentration 
(12). None of the fractions examined in this study, however, gave e 
metachromatic reaction with toluidineblue (13). When the protein resi e 
resulting from the treatment of the thromboplastic protein with alco o 
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ether (10) was heated to 70° with 0.5 N potassium hydroxide, the neutralized 
mixture gave a weak metachromatic reaction. It is not impossible, there- 
fore, that heparin was present in the protein complex in such a combination 
as to make it unavailable for the color test without previous drastic 
treatment. 

The method for the comparative assay of thromboplastic activity, dis- 
cussed in detail in the experimental part, is based on the use of normal 
human plasma deprived, by high speed centrifugation, of a large propor- 
tion of the thromboplastic factor (compare (14)). 


EXPERIMENTAL 

Determination of Thromboplastic Activity 

Effect of High Speed Centrifiigatim on Clotting Time of Human Plasma— 
Normal human blood, collected before breakfast, was mixed immediately 


Table I 

Effect of Centrifugation on Plasma Clotting Time 


Experiment No. 

' Duration of centrif* 

1 ugation 

Centrifugal force 

1 

Clotting time* 

Plasma 1 

' Plasma 2 


min. 1 

e 1 

sec. 

sec. 

1 

3 

260 

130 

125 

2 

20 

1,900 

220-290 

217-250 

3 

150 

31,000 

365-^90 

340-690 


* The figures reported for Experiments 2 and 3 indicate the span between the 
onset of coagulation and the formation of a coherent clot. 


with one-ninth its volume of a 0.1 m sodium oxalate solution. Pla^a sam 
pies were removed following the centrifugation of the mixture (in i^teroi 
cups) at 1500 R.P.M. (260 g) for 3 minutes and at 4000 r.p.m. (19W g) for 
minutes in an angle centrifuge. The clear plasma was drawn o ^ 

and subjected to a centrifugation at 20,000 r.p.m. (31,000 g) for 1 
in a refrigerated International centrifuge equipped with a multispe^ a c 

ment, whereupon a minute reddish brown pellet separated at t e o^ in o 
the Lusteroid tubes. The clotting times, observed at 37 o 
addition of 0.2 cc. of a 0.01 m calcium nitrate solution (contammg 
per cent of sodium chloride) to 0.1 cc. of the plasma samples, are 
in Table I. It may be mentioned that the addition of the suspended 
speed sediment to the supernatant plasma brought about a verj co^ 
able shortening of the clotting time. This will be discus m e i 
later occasion. What is of importance here is that the ^asma ob^ed b> 
centrifugation at a high speed (Experiment 3 in Table I), w ic 
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deprived of an appreciable portion of the thromboplastic factor, could be 
used for the assay of thromboplastic activity. 

Assay — The determinations were carried out in small test-tubes (13 X 
100 mm.) at 37°. To a mixture of 0.1 cc. of oxalated plasma, obtained by 
high speed centrifugation, and 0.1 cc. of a suspension of the substance to 
be tested in physiological saline, 0.2 cc. of a 0.01 m calcium nitrate solution 
(containing 0.42 per cent of sodium chloride) was added. While in high 
concentrations of the thromboplastic protein no time lag between the start 
and the completion of coagulation could be observed, there was a noticeable 
span in the presence of vei^' small amounts of the active substance, and care 
was taken to record the times both at which a clot became perceptible and 
at which it became coherent. 

The main advantage of the method consists in the ease with which both 
highly and slightly active fractions can be tested over a rvide range (usually 
a decimal series) of dilutions. The accuracy of the results suffers, especially 
in low concentrations of the active substance, from the usual limitations of 
determinations of this kind; viz., dilution errors and the difiBculty with 
ivhich the end-points are ascertained. Nevertheless, with the same plasma 
sample representative data could be obtained which compared favorably 
with those given by the previously used assay method in which rooster 
plasma was employed (15). The plasma (stored in the refrigerator) was 
never used for more than 2 days after its preparation. 

Presentation of Assay Results — ^For purposes of comparison, the results 
are plotted as the logarithms of the concentration (in micrograms) of the 
active substance against 1000/t where I is the clotting time (in seconds). 
In low concentrations of the activator, i.e. ivith clotting times of more than 
200 seconds, the first appearance of a coagulum was used as a more rehab e 


measure than the formation of a coherent clot. 

Because of limited experience, it cannot yet be decided whethw t e 
values obtained by this method may be used for absolute potency deter 
minations. It will perhaps be possible to overcome the fluctuations o 
served xvith different plasma samples (Fig. 1) by employing a stan ar 
preparation of the thromboplastic protein alongride the unknowm speci 
mens. The results of four independent assays of Fraction 2 (Table I ) 'W 
three different plasma samples are shoxvn in Fig. 1. The throfflbopas 
activities of the different cell fractions discussed in this paper are 
in Fig. 2, the same plasma sample being used as the substrate throug o 
It will be seen that with high concentrations of the active 
presumably in the region of excess of the thromboplastic protein, ^ 
relationship is observed, while in low concentrations (or with on y s 
active fractions) a change in slope appears to take place. 
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Fio. 1. Coagulation of normal human plasma (obtained by high speed centrifuga- 
tion) by the thromboplastio protein (Fraction 2). In the expression 1000/t, plotted 
as the abscissa, t corresponds to the clotting time in seconds. Curves I, II, and III 
were obtained with three different 1 day-old samples; for Curve IV the same sample 
as for Curve III was used, but 2 days after the removal of the blood. 


Table II 

Composition of Cell Fractions from Beef Lungs 


Fraction 

No. 

Designation 

Yield per 
kilo tusue 

N 

P 

Acetal 

pbospba* 

tines 

(Fenken 

and 

Grilnbcrg 

(16)) 

Desoiy- 

nbose 

nucleic 

add 

(Disebe 

(17)) 

: 

Coarse lipoprotein aggregates 

(tn, 

0.73 

per eoit 

7.0 

per cent 

2.0 

-1- 


2 

Thromboplastio protein 

1.12 

8.0 

1.7 

+ 

— 

3a 

Soluble proteins 

0.21 

14.6 

0.8 

— 

— 

3b 

H tt 

10.27 

15.0 

0.2 

— 

— 

4 

Cell nuclei 

1.96 

13.8 

1.5 

— 

+ 


DislribiUion of Thromhoplastic Protein in Different Cell Fractions 
of Beef Dungs 

The followTng experiments were all performed on the same specimen of 
fresh beef lungs. The separation procedure will be made clear by ..the 
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accompanying floiv sheet. It followed, n-ith respect to the thromboplastic 
protein, the methods described in previous publications (9, 10). A refriger- 
ated International centrifuge equipped with a multispeed attachment was 
used throughout for the separations undertaken at high centrifugal speeds. 
All operations were carried out at 4°. Analytical and other data concern- 
ing the various fractions are assembled in Table II. A few additional 
details 

LOGof 

• 3 . 

•2 - 

♦ I - 

0 . 

, -I . 

-2 - 

-3 1 

2 4 6 8 10 12 14 16 18 20 22 24 56 

'006/i seconds 

Fig. 2. Coagulation of normal human plasma (obtained by high speed centrifup- 
tion) by cellular fractions from beef lungs. Curve I, Fraction 2; Curve II, Fraction 
1; Curve III, Fraction 3a; Curve IV, Fraction 3b; Curve V, Fraction 4 (compare 
Table II). 

Coarse lApoprotein Aggregates {Fraction 1, Table 7/)--The borate sus- 
pension of the washed thromboplastic protein was subjected to a centn- 
fugation at 8000 r.p.ji. (5000 g) for 30 minutes. The sediment which con- 
sisted of a portion of the thromboplastic fraction that had become 
aggregated during the preparation, together with some coarser material, 
was suspended in borate buffer of pH 8.4 and the mixtiire centrifuged at 
4000 B.P.M. (1900 g). The supernatant and the washings obtained in the 
same manner were dialyzed for 48 hours against running tap water and for 
117 hours against ice-cold distilled water. The frozen suspension was con 
centrated to dryness in vacuo, when Fraction 1, 720 mg. of a white fluff, "as 


follow. 

ACTiVATOR 
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obtained. The thromboplastic activity of this material is represented in 
Fig. 2. 

Thromboplastic Protein (Fraction 2, Table II) — This material was isolated 
in the usual manner (9, 10): Fraction 2, 1.10 gm. of an almost white volu- 
minous felt. The thromboplastic activity of this substance is shown in 
Fig. 2. 

Soluble Proteins (Fractions 3a and Sb, Table II) — A portion (400 cc.) of 
the bright red supernatant obtained by the centrifugation of the tissue ex- 
tract at 31,000 g (see the flow sheet) was filtered through a Seitz filter. 
The clear filtrate was dialyzed for 66 hours against running tap water and 
for 24 hours against ice-cold distilled water. During the dialysis a small 
amount of flocculent precipitate separated. 


Separation Procedure 

Ground beef lungs (985 gin.), extracted with 1000 cc. of physiological saline and 
pressed out through cotton gauze 

Tissue extract (750 cc.),- centrifuged at 1900 g 



Sediment (cells, nuclei, etc.), discarded 


Supernatant, centrifuged at 31,000 g 



Sediment, washed with 0.1 m borate buffer of pH 8.4 at 
31,000 g until free of soluble proteins; then separated 
into Fraction 1 (coarse lipoprotein aggregates), sedi- 
mentable at 5000 g, and Fraction B (thromboplastic 
protein), sedimentable at 31,000 g 


Supernatant (560 cc.). 
filtered through 
Seitz filter. Frac- 
tions Sa and Sb 
(soluble proteins) 


For electrophoresis, a sample of the electrolyte-free mixture was dialyzed 
against 0.1 m borate buffer of pH 8.4, when a clear solution resulted. The 
electrophoretic analysis- revealed the presence of four components, of 
which one preponderated, with the follotving mobilities (descending bound- 
aries): I, —1.4 (minute component); II, —3.7 (main component). III, 
—5.3 (minute component); IV, —9.0 (small component) X 10 ^ sq. cm. 
per volt per second. 

The remaining mixture was centrifuged and the sediment ■« ashed re- 
peatedly with distilled water and dried in the frozen state in vacuoi Fraction 
Sa, 140 mg. of pink flakes. The water-soluble portion was similarly re- 
covered: Fraction Sb, 6.5 gm. of voluminous pink flakes. Both fractions 
exhibited only a trace of thromboplastic actixitj' (compare Fig. 2). 

* We are greatly indebted to Dr. D. H. Moore for this determination. 
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Cell Nuclei {Fraction 4, Table 11 ) — ^The preparation of cell nuclei from 
lung tissue proved much more difficult than that of liver nuclei. Out of 
several mms at pH 5.9 onl3’- one was successful. No nuclei could be pre- 
pared at pH 3.7. 

The method of isolation was essentially similar to that described by 
Bounce (18) for liver tissue and will, therefore, be presented only briefly. 
Small washed pieces of fresh beef lungs (100 gm.) were frozen and gradually 
added to a mixture of 250 gm. of crushed ice, 250 cc. of distilled water, and 1 
cc. of M citric acid that was rotated in a high speed mixer. When the tissue 
and ice had disintegrated, which took about 25 minutes, the mixture (pH 
5.9) was passed through three layers, and the filtrate through five layers, of 
cotton gauze. The sediment, obtained by centrifugation at 4000 r.pai. 
(1900 g) for 20 minutes,’ was twice washed with 350 cc. portions of dis- 
tilled water by centrifugation at the same speed for 10 and 5 minutes re- 
spectively, and then three times rvith 200 cc. portions at 1500 r.t.m. (260 g) 
for 3 minutes. At this stage, the washings were no more turbid and con- 
tained practically no protein. The sediment, finely suspended in 100 cc. 
of distilled water, was permitted to settle in a graduated cylinder at 4° for 
several hours; the suspension was siphoned off nith the exception of the 
undermost 5 cc. which were again dispersed in a total water volume of 100 
cc. and submitted to the same settling process for 1 hour. The dense 
bottom portion (5 cc.) was discarded and the united supernatants were 
centrifuged. The sediment was suspended in a small volume of water and, 
after removal of samples for microscopic examination, dried in the frozen 
state in vacuo. The nuclei. Fraction 4, weighed 196 mg. and formed cork- 
colored flakes. 

The microscopic examination of unstained preparations showed beautiful 
intact nuclei; obser\’ations on stained specimens (Zenker’s fluid, hema- 
toxylin-eosin) revealed the presence of about 80 per cent of pure nuclei, 
the rest consisting of nuclei contaminated with some cytoplasmic material. 
In unsuccessful preparations, gross contamination, mostly with elastic 
fibers, was observed at this stage. The reason for these frequent failures 
is not yet clear. 

The nuclear material was, for the determination of its thromboplastic 
acthity, intimatelj' suspended in physiological saline by means of a sma 
Pyrex glass grinder. The potency of this fraction was very low (Fig- 

The technical assistance rendered by Miss Helen Fabricant is gratefully 
acknowledged. 

« A preparation of the thromboplastic protein, somewhat less active than Fract'nn 
2, could be obtained from the supernatant. _ . 

' ♦ We are very grateful to Dr. D. Cowen for some of the microscopic exanuua** 
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SUMJIARY 

A study of the distribution of thromboplastic acti\’ity in representative 
cellular fractions from beef lungs revealed that practically all the activity 
was confined to one fraction, the thromboplastic protein, sedimentable 
from lung extracts at 31,000 g. The other fractions examined (coarse 
tissue particles, non-sedimentable tissue proteins, cell nuclei) had prac- 
tically no activity. A method for the assay of thromboplastic activity 
with normal human plasma, deprived of most of the thromboplastic agent 
by high speed centrifugation, is described. 
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THE DETERMINATION OF THIAMINE IN URINE BY MEANS OF 
THE THIOCHROME TECHNIQUE* 

Bt OLAF MICKELSEN, HOWARD CONDIFF, and ANCEL KEYS 
{From the Laboratory of Physiological Hygiene, University of Minnesota, Minneapolis) 

(Received for publication, June 19, 1945) 

Many workers have observed that urine contains substances wliich inter- 
fere with the estimation of thiamine by the thiochrome technique (1, 3, 6, 
7, 9). Some of the substances are removed by the permutit treatment 
in the ordinary procedure, but others are carried through in the eluate. 
Compensation for these compounds is often attempted by the use of a 
urine blank in which only the ferrlcyanide is omitted, the assumption being 
that the ferricyanide has no effect on the non-thiamine fluorescent sub- 
stances in urine. It is readily shoum that this assmnption is not valid. 
The unsatisfactory state of current procedures is most clearly seen in the 
frequent finding, in urines from persons on low thiamine intakes, of markedly 
negative thiamine values ; f.e., where the blank is much greater than the thio- 
chrome value. 

We have been able to show that the amount of non-thiamine fluorescent 
materials in urine is often much larger than commonly suspected, that the 
non-thiamine fluorescence is greatly affected by ferricyanide, and that 
these interfering substances may be eliminated, at least in large part, 
by suitable adjustments in pH at the final extraction stage. The procedure 
developed as a result of systematic investigation has been carefully studied 
in terms of the elimination of negative values, recovery of added thiamine, 
prediction of the values for mixtures of high and low thiamine urines, and 
in agreement of duplicates. 

Influence of pH on Extraction of Thiochrome — A standard containing 
10 7 of thiamine in 100 ml. of 25 per cent KCl in 0.1 N HCl was prepared. 
5 ml. portions of this standard solution were treated with 3 ml. of 15 per 
cent NaOH and 0.1 ml. of 1 per cent potassium ferricyanide to convert 
the thiamine to thiochrome. These thiochrome solutions \\ere then 
brought to different acidities by the addition of a mixture of equal \ olumes 
of concentrated HCl and 85 per cent H3PO4, and the pH was me^ured 
with the glass electrode. These solutions were each extracted with 15 

* Work done in part under a contract, recommended by the Committee on Meical 
Research, between the Office of Scientific Research and Development and t e Uni'; cr 

sity of Minnesota. Important assistance was also provided b3* the Nutrition oun a 

tion, Inc., New’ York, the American Dairy Council, Chicago, and the Sugar esearc 

Foundation, New York. 
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ml. of isobutanol, the aqueous phase was removed, and the isobutano! 
solutions were dried with 2.5 gm. of anhydrous Na^SOi. I'luorescence 
was measured in the Coleman photofluorometer (model 12). Fig. 1 shows 
that the extraction of thiochrome is independent of acidity between pH 
8 and 10 but is diminished below pH 7. 

The non-thiamine fluorescent materials in urine behave veiy differently. 
A urine sample which exhibited a high blank value in the ordinary thio- 
chrome procedure was acidified to pH 4.5. 5 ml. portions of this urine 


Influence of the pH of KCI - HCl Eluate on the 



Fia.l 


were poured into each of six standard permutit columns. Each 
was washed with water and then eluted wth 15 ml. of boiling KCl-H 
solution. 5 ml. of each eluate were treated tvith 3 ml. of 15 per 
NaOH solution and then adjusted to different acidities with HGl-Hj" < 
as in the standards, and the remaining procedure carried out as be o 
The results are shoum in Pig. 1. These findings indicate that when ex 
traction is made from a solution at pH 8 to 10 the non-thiamine fluor^®^ 
substances in urine are largely eliminated, but that the extraction of 
chrome is unimpaired. 
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Method 

The main reagents are those customarily used for the thiochrome deter- 
mination (8). The urine is collected in a bottle containing 5 ml. of glacial 
acetic acid and 5 ml. of toluene for a 24 hour sample. Under ordinary 
circumstances a pH of 4 to 5 rvill result, but this should always be checked 
before the analysis is made. The towers for the permutit are made with 
a capillary 1 cm. long, which has an internal diameter of 0.5 mm. With 
this size of capillary no cotton or glass wool is required at the bottom 
of the tower to prevent the permutit from plugging the tube. Occasionally 
a particle does plug the hole, but it can be removed by inserting a 32 
gage wire. This t 3 rpe of tower requires no suction, for the liquids emerge 
at approximately the proper rate. 

10 ml. of 3 per cent acetic acid are added to the tower by means of 
a pipette in such a way that the sides of the reservoir are not wet. There 
should be enough acid to fill the tower and a small part of the reservoir. 
1 gm. of permutit is then added from a calibrated vial. Any permutit 
W’hich clings to the sides of the reservoir is washed down with more acetic 
acid. This procedure obviates the formation of bubbles w'hich ordinarily 
occurs when the dry permutit is added to the tower first. 

After the acetic acid has drained from the tower, 6 ml. of the acidified 
urine are put through,' followed by washing rvith 3 successive 10 ml. 
volumes of water. WTien the rvash w'ater has drained, the thiamine is 
eluted with 15 ml, of boiling KCl-HCl solution. This is permitted to 
drain from the tower. On successive trials, the volume of the eluate has 
been 14.75 rfc 0.25 ml. The eluate is mixed by shaking. 5 ml. of the 
eluate are then added to a conical shaped tube,* containing 3 ml. of 15 
per cent NaOH and 0.1 ml. of 1 per cent potassium ferricj-anide. The 
tube is vigorously shaken for a few seconds. From 0.50 to 0.55 ml. of a 
mixture of equal parts by volume of concentrated HCl and 85 per cent 
H3PO4 is added to the alkaline eluate; the end-point (pH 8 to 9.5) is 
sufficiently indicated by the formation of a white precipitate. 15 ml. 
of redistilled isobutanol are added (most conveniently with a sj'ringe pipette 
(2)) and extraction is accomplished by agitation produced by a stream of 
air for 30 seconds. After the tube has stood for about 5 minutes, the 
aqueous phase can be cleanly removed by suction. The isobutanol phase 
is dried wdth 1.5 gm. of anhydrous NajSOi and read in a photofluorometer. 
Thiamine solutions of known concentration are put through the same pro- 

' If the concentration of thiamine is greater than 1.5 7 per 5 ml., a \ olume of urine 
should be used which contains this amount or less. Even when the thiamme concen 
tration is very low, the volume used for analysis should never be greater t n 

• This tube is about 16 cm. long and 2.8 cm. wide, internal diameter, wit e ower 

3 cm. of the tube tapered. 
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cedure for calibration of the standard curve. The urine blanks are also 
treated in precisely the same way, except for the omission of the ferri- 
cyanide. 

Recovery Experiments — Recovery experiments were made on a variety 
of urines by both the present and the ordinary thiochrome procedures 
(Table I). None of the added thiamine was recovered fay the ordinary 
procedures from urines which had negative values before such addition, 
although the negativity, that is the difference between the urine blanks 
and the thiochrome reading, was considerably reduced. With the present 
procedure recoveries of from 91 to 103 per cent were obtained in these 
same urines, and equal or better results were obtained with urines con- 
taining initially high thiamine concentrations. The recovery of thiamine 


Table I 

Recovery Experimenla with Pure Thiamine Added to Urine 
The recovery experiments were made both with the old and the present methods. 
The first four urine samples showed a higher galvanometer reading for the urine blank 
than for the thiochrome reading when analyzed by the old procedure. 


The values are in micrograms per 1.67 ml. of urine. 



Ordinary- method 



Rresent method 


Sampl** 



Recovered thiamine 

Thiamine 

content 

Thiamine 

added 

Recovered thiamine 


0 

0.167 

0.00 

per cent 

0.0 

0.088 


0.152 

ptT rrat 

'91.0 


0 

0.167 

0.00 

0.0 

0.050 

0.167 

0.172 

■Uaa!^I 

\Y9-2. .. 

0 

0.167 

0.00 

0.0 

0.026 

0.167 

0.168 


J9-2.... 

0 

0.167 

0.00 

0.0 

0.056 

0.167 

0.160 

95.6 


0.057 

0.200 

0.179 

89.5 

0.096 

0.200 

0.197 

y8.5 


added to so called low blank urines is reasonably good by both procedures, 
but the present method consistently gives a somewhat better recoverj- 

Another type of recovery e.xperiment was made by mixing equal par s 
of a high blank urine and a low blank urine (Table II). Bach of 
arate urines was analyzed by both procedures. When the 
sample was analyzed by the ordinary procedure, only 50 per cent o 
theoretical value was secured; this figure is based on the separate va 
of the two mines as estimated by the same method. In. contras 
present procedure gave a recovery of 103 per cent. . 

It appears that urine, particularly that which has a high blank 
ordinary procedure, contains a substance or substances which 
rescent, which are extracted by isobutanol at high alkalinity, an 
show much less fluorescence when treated with ferricyanide. 
may appear reasonable when the urine contains much thiamine an 
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of the interfering material, but the recoveries are poor mth the ordinary 
procedure in the reverae situation. This is particularly important since 
little thiamine and much interfering material in urine frequently occur 
when the thiamine nutrition is very poor; that is, precisely when the urine 
values are most interesting. The difference in blanks and thiamine 

Tabu: II 

Thiamine Values on High Blank and Low Blank Urines When Mixed in Equal 

Proportions 


The theoretical values are the averages of the thiamine contents determined on the 
individual samples. The actual values were determined on the mixed urine sample. 
All values are in micrograms per 1.67 ml. of urine. 


Sample 

Ordinary method j 

Present method 

Frank 8-31 

1 

0 

0.143 

Sel 9-6 

0.527 

0.563 

Mixture of equal parts of, above 
Theoretical 

0.263 

0.353 

Actual 

0.136 

0.365 

% 

49.8 

103.4 




Table III 

Comparison of Galvanometer Readings and Indicated Thiamine Values for Urine 
Samples with Ordinary and Present Procedures 
The reagent blank in each case represents 6 ml. of distilled water carried through 
the entire procedure. The urine blanks are the values for the urine eluates treated 
with the NaOH solution, whereas the unknown values are for the urine eluates 
treated with the alkaline ferricyanide. All readings are made on a Coleman photo- 
fluorometer set so that a 0.5 y standard reads 63 by the present method. 


Method 

1 Galvanometer readings • 

Thiamine 

Reagent 

blank 

1 Urine 

1 blank 

Thiochrome 

Urine 

blank 

1 

Thiochrome 

Difference 

— 





■■ 

*r 

Wfm 

Ordinary 


21.0 

27.0 


0.155 


Present 


15.4 

25.0 

DB 

0.123 

wm 


values by the ordinary and the present procedure is illustrated in Table 

III. 

Experiments vrith Diets and vdth Unadsorbed Urines — An attempt was 
made to use the present procedure tvith urines that had not been adsorbed 
on permutit in the hope that, at the proper pH, the non-thiochrome 
fluorescent substances would not be extracted with isobutanol. This, how - 
ever, was not the case. Without adsorption the blank values of ordinarj 
urines were as high as or higher than the thiochrome readings. 
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When the present procedure is used with food materials, the thiaimne 
values tend to be the same as those secured by the ordinaiy procedure 
(Table IV). In the case of Sanka coffee the blank value by both methods 
is high, an instance where non-thiamine fluorescent substances are ex- 
tracted by isobutanol to the same extent over a vide range of pH. Most 
other foods produce blank values which are very low with either procedure. 


Table IV 

Comparison of Thiamine Values on Foods by Ordinary and Present Procedures 
All values are in micrograms per 100 gm. of food. 


Food 

TbUmine content 

Ordinary method 

Present methi 

Beef and gravy 

14.8 

15.4 

Meat and vegetable stew 

26.0 


Mixed diet 

20.2 

20.0 

Cocoa 

89.5 

90.0 


Table V 

Relation of Thiamine Blank to Ft 

Fj excretion determined by the method of Najjar (5). The thiamine blank was 
determined by the ordinary thiochrome technique in which the ferricyanide a as 
omitted and no pH adjustment was made. Fj is expressed as fluorescence equivaleot 
to mg. of quinine sulfate. The thiamine blank is expressed ae mg. of thiamine per 
day. 





Thiamine blaiit 

ThfamiDC 

Subject 

Oate 

Fi excretion per day 

Fj wcretion 

Jo 

Aug 21 

0.553 

0.204 

0.369 

Ja 

Sept 2 

0.509 

0.175 


T . 

“ 2 

0 280 

o.ns 

0.410 

P... 


0 726 



S 

■iKn 

0.549 


BUI 

W 

Sept 2 

0 229 



G 

« 2 

0 219 




* Ratio of thiamine blank to F; content of urine. 


Comparison vnth Procedure of Najjar and Kelron — Kajjar and I^tron 
(6) stated that the blank fluorescence in urine is due to the niacin deru ^ 
ative F. and showed that ferriejmnide reduces the fluorescence of ^ 
conversion to a pyridone with only 21 per cent of the fluorescence o 
original pyridine derivative, F-. On this basis they proposed a formu 
correcting the thiochrome reading according to the Fc content of the un 
The limited validity of this calculation is indicated by the fact that e 
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between the thiamine blank and the F 2 , as determined by the method of 
Najjar (5), is inconstant and is especially unreliable in high blank urines. 
In one series of seven men the ratio between thiamine blank and Fj in 
the urine varied from 0.036 to 1.20 (Table V). 

Najjar and others have emphasized that the excretion of Fj in the urine 
is directly related to the niacin intake. We have found that a decrease 
in the niacin intake from 32 to 12 mg. per day, i.e. a change of 167 per 
cent, does not cause any considerable change in the thiamine blank as 
obtained by the ordinary procedure. Apart from the fact that F 2 is not 
the principal cause of the thiamine blank in many urines, it is of interest 
that the method advocated by the Johns Hopkins group systematically 
yields values higher than those obtained by the present procedure. The 
difference is particularly impressive on a percentage basis in urines of low 
thiamine content (Table VI). 


Table VI 

Comparison of Thiamine Values by Present Method with That of Najjar and Ketron 


(i9U) 


Subect 

1 Date 

Thiamine content of urine per JOO rale 

Najjar and Ketron 

Present method 



y 

y 

A 

Oct. 30 

13.02 

9.3 

B 

Dec. 20 

20.5 

15 4 

P.. • . 

Aug. 30 

12.12 

5.28 

S . . 

" 30 

12 2 

3.00 

W.. 

Sept 2 

4.50 

1.56 


Influence of Volumes Used m Analysis— The starting volume of urine 
used in the analysis has a profound influence on the thiamine value secured. 
In general, the larger the starting volume, the smaller is the final value. 
At present we find it advisable to use no more than 5 ml. of urine, to elute 
with 15 ml. of KCl-HCl, and extract 5 ml. of this eluate mth 15 ml. of 
isobutanol. By using the maximum sensitivity of the photofluorometer, 
even the low thiamine urines can be determined with a fair degree o 
accuracy. 

Order of Addition of Reagents— li the eluate from an adsorbed standard 
thiamine solution is added to the alkaUne ferricyanide, the galvanometer 
reading for the final isobutanol extract is higher than when the or er o 
addition is reversed. For a 0.5 t standard the galvanometer readings 
average 65 and 63 respectively. This effect of the order of addition holds 
true only for pure thiamine solutions; no difference is obser\’ed in the case 
of urine or food eluates. 
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Reliability of Present Procedure — ^The simplest estimation of reliability 
is obtained by the statistical analysis of the agreement between duplicates. 
Abundant material is available for this purpose due to the fact that all 
urine thiamine estimations in this laboratory are routinely made in du- 
plicate. One of the routine note-books was opened at random and the 
values for thirty-three consecutive pairs of duplicates were examined. 
In a series of 66 analyses the average estimated thiamine concentration 
was 152.3 y per liter, vdth a range of 51 .0 to 291 .6 y per liter. The standard 
deviation of the differences between duplicates was ±7.02 y per liter, or 
±4.6 per cent of the mean. This is probably an overestimation of the 
true replicate variance because simultaneity of the duplicate analyses was 
not scrupulously maintained in the series. 

A more recent series of nineteen urine samples was examined ivith dupli- 
cate analyses on the day of collection and again in duplicate on the folloiving 
day (storage at 5°). In this series the grand average thiamine concen- 
tration was 141.4 y per liter, with a range of 53 to 329 and a standard 
deviation about the grand mean of 84.4 y per liter. The standard de- 
viation between duplicates was ±2.48 y per liter, or 3.26 per cent of the 
mean. The variation of the differences between the duplicates was similar 
on the 2 separate days, but the total variation of replication plus storage 

for the 76analyses was ±4.09 per centof the mean, and thedifference between 

this value and that for simple replication was significant at the 2.5 per 
cent level. The additional variation introduced by the 24 hours of storage 
was separately calculated and proved to be ±2.47 per cent of the inean. 
It should be noted that this was a random variation and that there was 
no systematic shift of level. 


DISCUSSION 

There is as yet no final criterion by which the absolute accuracy of 
a thiamine estimation in urine can be checked, and that limitation is 
recognized in the present work. It seems clear that the present metho 
does eliminate certain errors which frequently are present in the ordi- 
nary procedure. The elimination, in large part at least, of non-thiamine 
fluorescent materials which are quenched or destroyed by ferricyani 
makes it possible to obtain a more acceptable blank and to apply ® 
calculation from the blank w'ith greater security. At the same time tj 
apparent thiochrome value is increased in many urines. We believe 
these higher values are more nearly correct for several reasons: (If 
urine blanks are so low as to constitute only a minor correction m ^ 
cases; (2) thiamine added to urine is completely recovered in contra « 
tinction to the results with many urines by the ordinary procedure, 
with the present method mixtures of high and low blank urines give 
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theoretical result, whereas low yields are obtained with the ordinary method; 

(4) negative thiamine values do not occur with this method, but they do 
occur with the ordinary method. 

We have little information about the interfering fluorescent substances 
in urine. It does not appear that Fi is an important item in this category 
imder normal circumstances. There may be other substances present 
which contribute to the total fluorescence read as thiochrome. If this 
is true it must be noted that their properties are so similar to thiamine 
as almost to defy separation, at least at present. Such a non-thiamine 
substance would have to possess the following properties: (1) be adsorbed 
on peimutit; (2) be eluted with KCl-HCl; (3) be extracted from KCl- 
HCl with isobutanol; (4) show little or no fluorescence in the native state; 

(5) develop increased fluorescence in the presence of ferricyanide. Some 
foods, notably Sanka coffee, contain substances that conform to most 
of these characteristics, but they do not develop increased fluorescence 
with ferricyanide and are therefore readily distinguished. 

Mason and Williams (3) attempted to use a blank prepared by treating 
urine with hydrosulfite. The addition of hydrosulfite has been criticized 
properly by Najjar and Ketron (6); it certainly destroys other^substances 
besides thiamine, notably Fj. The procedure of Najjar and Ketron (6) 
has already been noted. Their reported results are deceptive in that 
true recoveries were not done. Najjar and Ketron first filtered urine 
through activated charcoal and then added known amounts of thiamine 
in order to test recovery. Undoubtedly ' the charcoal removed many 
potentially interfering substances. We have tested their method by 
true recovery experiments in which thiamine was added to the untreated 
urine and then their procedure followed exactly. Under these conditions 
the recoveries have been little if any better than ivith the ordinary pro- 
cedure. 

In many cases the difference in results between the present method and 
the ordinary method is small and even insigmficant. Even in so called 
normal urines, however, there may be large differences which would result 
in a quite different diagnosis as to nutritional status by the urinary ex- 
cretion criterion. For example, one person excreted 150 y of thiamine 
in 24 hoiUB, according to the present method, but by the old method this 
person would have been considered deficient in thiamine, since only 86 y 
of thiamine were indicated (4). We have noted that in severe athiaminosis 
the ordinary method frequently gives meaningless results. The present 
method is certainly indicated in all cases in which low thiamine excretion 
is expected. 

It is not suggested that all problems of thi amin e estimation in urine 
have been resolved. The effect of volume is most puzzling. There are 
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some peculiar effects of variation in the intensity of the exciting radiation. 
Work on both these points is continuing in this laboratory. 

SUMMARY 

1. Human urine contains non-thiamine fluorescent substances which are 
not properly eliminated, either physically or by calculation, in the ordinary 
thiochrome methods. These interfering substances cause obvious gross 
errors in mines from athiaminotic persons and significant errors in many 
normal urines. 

2. A thiochrome method is presented which eliminates all or most of 
these interfering substances by the control of acidity at the final extraction 
stage with isobutanol. The details are given for analyses on 5 ml. samples. 

3. The present method never yields negative values, allows satisfactory 
recovery of added thiamine, and produces theoretical results in mixtures 
which have been separately analyzed. Previous thiochrome methods 
fail in these particulars with urines from persons on very low thiamme 
intakes. 

4. Statistical evaluation of the present method has been made. In 
thirty-three pairs of duplicate samples the replicate standard deviation was 
4.6 per cent of the mean. 

5. The present method tends to sdeld higher thiamine values in urine 
than previous methods, especially in cases of thiamine deficiency. Pib* 
and food items jdeld the same values with all methods tested. 
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LETTERS TO THE EDITORS 


EFFECT OF BICARBONATE AND DIPHOSPHOPYRIDINE 
NUCLEOTIDE (DPN) ON DEHYDROGENASE 
ACTIVITY IN LD^R EXTRACTS 

Sirs: 


The dehydrogenase activity as measured by the rate of decolorization of 
methylene blue is considerably lower in dialyzed than in freshly prepared 
tissue extracts, a difference due largely to the loss of coenz3une factors and in 
particular to that of the pyridine nucleotides.* In the attempt to restore 
to dialyzed extracts of mouse liver the dehydrogenase activity approxi- 
mating that of the freshly prepared extract, it was found that the addition 
of DPN to the dialyzed extract not only did not augment the dehydrogenase 
activity but actually depressed it. Only when bicarbonate was added to- 
gether with DPN was there a striking increase in the activity . Bicarbonate 
added alone to the dialyzed extract caused a definite increase in activity but 
to no such magnitude as that reached in the presence of DPN. Both com- 
ponents are apparently needed for the restoration of dehydrogenase ac- 
tivity. The bicarbonate effect is relatively specific for this ion. Because 
of the relation noted between bicarbonate and pyruvate in recent reports 
the effect of pyruvate addition was studied. This substrate first depressed 
the dehydrogenase activity, but on incubation with DPN and bicarbonate 
before the dye was added the activity considerably increased. Repeat^ 
experiments were entirely consistent and representative data are given in 
the table. Further experiments revealed that at higher concentrations of 
pyruvate with NaHCOa-DPN and with longer periods of incubation the 


‘ Schlenk, F., in Nord, F. P., and Werkman, C. H., Advances in enzymologj- and 

related subjects, New York, B, 207 (1945). , naii\ 

» Evans, E. A., Jr., Vennesland, B., and Slotin, L.. J . Biol. (19«J. 

Wood, H. G., Werkman, C. H., Hemingway, A., and Nier, A. O., J. f ’ 
31 (1942). Krebs, H. A., and Eggleston, L. V., Biochem. J ., S4, Ip (1941^- pi- 
nion, A. K., Vennesland, B., Klemperer, F. W., Buchanan, J. M., and Hastings, 
A. B., J. Biol. Chem., 140, 171 (1941). 
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Effect of Bicarhonaie, DPN, and Pyruvate on Decolorization Rale of Methylene Blue in 
Dialyzed Extracts of Mouse Liver* 


Components of mixturef 

Decolorixation rate after standioil 

0 br. 

2 hrs. 

1 CC. NaCl-NaOH -f* 1 cc. HjO 

min. -< X KX 

m 

2411 

5 

9 

1 “ NaHCOj + 1 cc. H,0 

24 

I “ NaCl-NaOH + 1 cc. DPN 

5 

1 “ NaHCOj + 1 cc. DPN 

840 

840 

1 ** NaCl-NaOH 1 cc. pyruvate 

11 

11 

1 “ NaHCOj -f- 1 cc. pyruvate 

24 

33 


385 

1000-3000 


- 


* Aqueous extract of mouse liver (equivalent to 111 mg. of tissue per cc.) dialyzed 
48 hours at 0° against distilled water. 

t Stock solutions, NaHCOj0.04 m;DPN 1.12 mg. percc. of HjO; sodium pyruvate 
1.6 X 10"’ m; NaCl-NaOH 0.04 n in respect to sodium ion and containing enough 
NaOH to give the same pH, namely 8.0, in the mixture containing tisane extract as 
do the same mixtures with NaHCOj;NaHCOj-DPN 1.12 mg. of the nucleotide per cc. 
of 0.04 M NaHCOii methylene blue 0.31 X 10“’ m. Solutions in the dehydrogenation 
vessels were compose4 of 1 cc. of tissue extract + 1 co. of methylene blue solution 
+ the volumes of components designated, a total of 4 cc. in each case. Temperstare 
26°. Technique of measurement according to Chalkley' and Greenstein (7. Ao ■ 
Cancer Inst., 6, in press). 

t Mixtures were prepared in replicate of the tissue extract with the componen s 
designated, with the methylene blue in the side arm. The dehydrogenation tu es 
were evacuated at 18 mm. of Hg for 2 minutes and sealed. 0 hour refers to ° 

which d 3 ’e is tipped immediately after sealing. 2 hours refers to tubes into whic J 
is tipped 2 hours after sealing. Temperature during this interval, 26°. 

§ The rate under these conditions for freshly prepared mouse liver extract is ap 
proxiraately 300. 

II The rate under these conditions for freshly prepared mouse liver extrac 
approximately 1100. 

IT Addition of 0.001 si was somewhat retarding. 

effect was even more pronounced. The stimulating effect of bicarbonate 
has been observed in other cases.’ 

National Cancer Institute 
National Institute of Health 
Bethesda, Maryland 

Received for publication, July 18, 1945 

’ Hes, J. W., Ann. fermentations, 4, 547 (1938). Warren, C. O., J- ^ 

166, 559 (1944). 
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REACTION OF THE ISOCITRIC DEHYDROGENASE 
SYSTEM WITH CYTOCHROME c* 


Sirs: 

Since, as shown by Adler et al.,^ isocitric dehydrogenase reacts specifically 
with triphosphopjTidine nucleotide (TPN), and since cytochrome reduc- 
tase- catalyzes the reoxidation of reduced TPN by cytochrome c, cy- 
tochrome reductase should link the isocitric dehydrogenase sj'stem with 


Reduction of Ferricylochromc c by Isocitric Dehydrogenase System in Presence of Cyto- 
chrome Reductase 


Concentration of reactants (moles X 10~* per co.): i-isocitric acid 17.5, MnCb 
60.0, TPN 0.5, cytochrome c 3.79. Isocitric dehydrogenase, 25 y of protein per cc. 
Gas, air; temperature, 28°; X, 550 in/i; d = 0.5 cm. 



F#*— Icytochrome c, moles X 10~* per cc. 

A log 

ferricytochrome 
c in Ut min. 

Cytochrome 

reductase 


After addittou of cytochrome reductase j 



1 min. 

2 min. 

3 min. 


y ce. 

17.5 

3.79 

3.21 

2.78 

2.37 

0.07 

35.0 

3.79 

2.75 

1.90 

1.11 


52.5 1 

3.79 

2.23 

0.94 

. 0.22 


70.0- 

3.79 

1.91 

0.51 




* The same reaction rates were obtained with 3.5 X 10“® mole per cc. of isocitric 
acid, or with an amount of isocitric dehydrogenase giving a final concentration of 
5 7 of protein per cc. There was no increase in rate when the TPN concentration 


was doubled. 


cytochrome c. The accompanying table shotvs that such is the case. The 
concentration of ferricytochrome c was determined spectrophotometrically 
at 550 mp and calculated by the equation given by Haas cl al.- 
The isocitric dehydrogenase used was a purified preparation from pig 
heart obtained by salt fractionation; it was free from aconitase but still 
contained oxalosuccinic carbox 3 'lase.’ In the presence of j\In++ isocitric 
acid is converted to a-ketoglutaric acid and CO 2 bj" this preparation. The 


* Supported by grants from the Rockefeller Foundation, the Penrose Fund of the 
American Philosophical Society, the 'Vyilliams-Waterraan Fund of the Research 
Corporation, and Hoffmann-La Roche, Inc. 

* Adler, E., von Euler, H., Gunther, G., and Plass, iM., Biochem.J.,33, 10^ (1 J3J1. 
’ Haas. E., Horecker, B. L., and Hogness. T. R., J- Biol. Chem., 136, .i. (19-in 

’ Ochoa, S., and Weisz-Tabori, E., J. Biol. Chem., 169, 2-15 (194ol 
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cytochrome reductase was a partially purified preparation kindly supplied 
by Mr. Kurt Altman.^ 

In the experiments reproduced in the table all reactants were present in 
excess relative to cytochrome reductase, so that the concentration of the 
latter was the rate-limiting factor. With the lower concentrations of reduc- 
tase the reduction of cytochrome c was of the first order; the initial rate wk 
proportional to the reductase concentration in all cases. Without isooitnc 
acid, isocitric dehydrogenase, TPN, or cytochrome reductase ‘there was no 
reaction. 

Departments of Chemistry and Medicine Sevebo Ochoa 

New York University College of Medicine 
New York 

Received for publication, July 2S, 1945 , 

* Spectrophotometric estimation at 465 mp indicated a purity of H POi cent, but, 
judging by the activity of pure cytochrome reductase in the e.^periments of Mas 
el al., probably less than 20 per cent of the flavoprotein thus determined was cyto 
chrome reductase. 


Sirs: 


FIXATION OF CARBON DIOXIDE IN OXALACETATE 
BY PIGEON LIVER 


The fixation of CO 2 in oxalacetate as shown in Reaction 1 has pre\’iousIy 
been demonstrated ■with a bacterial preparation.^ 

C>»0, + CH,-CO.COOH = C”OOH-CH2-CO-COOH (1) 

A similar attempt with pigeon liver failed,^ although fixation of CO 2 in 
a-ketoglutarate’-^ and in fumarate and lactate^''* with this tissue had been 
well established. We have found that in the presence of adenosine triphos- 
phate (ATP), Reaction 1 occurs readily with liver extracts, thus demon- 
strating the primary fixation reaction in animal tissue. 

In the table it is shown that some C“02 is fixed in the carboxyl adjacent to 
the methylene group in oxalacetate •nithout ATP but that addition of the 
latter greatly increases the C‘^ fixed. In this experiment, an undialyzed 
extract obtained from an acetone powder of pigeon liver similar to that 
described by Evans el al.^ was used. The extract was incubated with oxal- 
acetate, pyruvate, MnCL, and NaHC^Oj until about one-half of the oxal- 
acetate had been decarboxylated. Occasionally, undialyzed preparations 
may be quite active in fixation even in the absence of ATP, but ATP is al- 
ways necessary for effective fixation with dialyzed preparations. 

According to Reaction 1, C"02 should be found only in the carbo.xyl 
adjacent to the methylene group in oxalacetate unless the latter compound 
is in equilibrium wth a symmetrical substance such as fumarate. Since 
the C’* was fixed only in the one position, the possibility is eliminated that 
the initial fixation reaction involved fumarate or any substance in equilib- 
rium with fumarate. The carboxyl adjacent to the methylene groups was 
obtained by acid heat decarboxylation and the second carboxj’l, along with 
the pyruvate carboxyl, by treatment ilh ceric sulfate. The effectiveness of 
the removal of residual C ”02 preliminary to the degradation of oxalacetate 
is attested by the low C'^ values of the CO- collected from the last poi tion of 
the CO 2 rinse used in removal of C’O- from the medium. 

* Krampitz, L. O., Wood. H. G., and Werkman. C. H , J Biol Chcm , 147, 243 
(1943). 

*Wood, H. G., "Vennesland, B., and Evans, E A ^ Jr , J Biol Chctn . 169, 153 
(1945). 

’ Evans, E. A., Jr., and Slotin, L., J. Biol. Chcm , 141, 439 (1941) 

* Wood, H. G., Workman, C. H., Hemingriay, A., and Mier, A 0 ,J Biol Chcm , 
1«, 31 (1942). 

* Evans, E. A., Jr., Vennesland, B,, and Slotin, L ,J.Biol Chcm , 147, 771 (1943) 
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Fixation of in Oxalacetate 


Values as per cent excess C“. 



Adenosine 

triphosphate 

Oxalacetate 

Experiment No 

Carboxyl adjacent 
to methylene 
group 

Carboxyl adjacent 
to carbonyl 
group 

1 

yt 

0.069 

mm 

2 

0.007 

0.246 



Each experiment was conducted anaerobically for 45 minutes at 38° and contained 
3 ml. of undialyzed liver extract, 1.0 mw of oxalacetate, 0.4 mM pyruvate, 0,05 mu 
MnCh, 0.4 mM phosphate buffer, and 0.7 mM NaHC”Oi (excess C'* = 4.64 percent) 


in a total volume of IS ml. 


It is not clear at the present time whether ATP participates directly in the 
fixation reaction or is involved in a secondary r61e. Other experiments in- 
dicate that adenylic acid will not replace ATP. 

Department of Physiology M. F. Utter 

University of Minnesota Habland G. Wood 

Minneapolis 


Received for publication, August 6, 1945 












ON THE DETERMINATION OF CHOLINE IN THE LIVER AND 
PLASMA OF THE DOG* 

Bt G. ENTENMAN and I. L. CHAIKOFF 
{.from the Division of Physiology, University of California Medical School, Berkeley) 
(Received for publication, May 31, 1945) 

It was found in this laboratoiy that practically all phosphoh'pids of 
plasma of the dog and man are of the choline-containing type, an observa- 
tion that is not in agreement with those of other investigators (1). It was 
pomted out that the explanation of the discrepancy between the results 
obtamed here and elsewhere would probably be found in the methods 
employed for the determination of phospholipid choline. In the method 
use m this laboratory the reineckate of choline is precipitated in an acid 
medium (2). Glick, in a recent communication, states, however, that in 
order to avoid the precipitation by reineckate of compounds other than 
m necessary to perform this precipitation in an alkahne medium 

I )• This worker compared the amount of reineckate precipitated at 
pH 8 to 10 and at pH 2 to 3 in extracts of hydrolyzed wheat germ, soy bean, 
yeast, calf liver, and hog brain. In the case of wheat germ and yeast, 
e found significant differences in the amounts of reineckate precipitated 
at these two pH ranges. In the case of calf liver and hog brain, the values 
obtained for each tissue at both pH ranges were strikingly similar when 10 
per cent KOH was used for hydrolysis. When saturated barium hydroxide 
TOs employed for hydrolysis, the values obtained for hog brain at the two 
pH ranges were in good agreement; a difference, however, was observed 
for calf liver. 

In view of the above considerations, it became of interest to compare 
he choline contents of plasma and liver phospholipids as determined by 
the method of Entenman et al. (2) and of Glick (3). This has been done 
in the present investigation. 


EXPERIMENTAL 

The following extracts were prepared from plasma and liver of the dog. 
Plasma Extracts 

Alcohol-Ether Extracts — ^Plasma was extracted with 30 volumes of 3:1 
a cohol-ether mixture at 55° for 1 hour. The mixture was then filtered 
and the residue e.xtracted with ether for 8 hours in a Soxhlet apparatus. 

Aided by a grant from the Lederle Laboratories, Inc. 
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The ether and alcohol-ether extracts were combined, filtered, and made 
to volume. 

Solution of Precipitated Phospholipids — A measured volume of the alco- 
hol-ether extract described above was concentrated at 55° to a small volume 
(about 1 cc.) under reduced pressure in an atmosphere of CO 2 . The lipids 
of this concentrate were extracted with several portions of petroleum ether. 
The latter was then reduced to a small volume of approximatelj’’ 1 cc. by 
boiling and the phospholipids precipitated by the addition of 30 cc. of 
acetone and 10 to 15 drops of a saturated solution of MgCI: in absolute 
alcohol. The mixture was centrifuged and the supernatant discarded. 
The precipitate was washed with acetone. It was then suspended in 2 cc. 
of ethyl ether and the phospholipids brought into solution by the addition 
of methanol. This ether-methanol solution was then made to volume. 

Methanol Extract — Separate samples of plasma were extracted with 30 
volumes of methanol for 1 hour at 55°. The extract was filtered and the 
residue washed with methanol. The extract and washings were made to 
volume. 

Acetone Extract — 5 cc. of plasma were slowly transferred to a 50 cc. 
centrifuge tube containing 20 cc. of acetone; the latter was vigorously 
agitated ivith a glass rod during the transfer. The mixture iras allowed 
to stand at room temperature for 30 minutes and then centrifuged. The 
supernatant was transferred to a volumetric flask and made to volume. 

Liver Extracts 

Alcohol-Ether Extract — Weighed samples of liver were ground in a mortar 
and extracted with ethyd alcohol at 55° for 2 hours. Approximately 150 cc. 
of alcohol were used for 20 to 25 gm. of liver. The supernatant nas 
decanted through a filter paper and the residue extracted with a secon 
portion of alcohol for 1 hour. The contents of the flask were then 
through the same filter paper and the two alcohol extracts combined. 
tissue residue was then extracted overnight with ether in a Soxldet 
ratus and the ether extract added to the alcohol extracts. The a co 0 
and ether extracts were combined and made to a convenient volume. 

Sohdion of Precipitated Phospholipid — Aliquots of an alcohol-et mi ex^ 
tract prepared as described above were concentrated to a volume 0 
1 cc. under reduced pressure in an atmosphere of CO^- The hpn s 
removed from this concentrate with pcti-oleum ether and the phosp w 
precipitated from its petroleum ether solution as de.scribed j* 
plasma. The precipitated phospliolipids were then redissolvci m 
ether and methanol and made to volume. 
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Methods of Analysis 

Choline was determined by two methods, that of Entenman el al. (2) 
and that of Click (3), Both methods were slightly modified. 

Method of Entenman et al . — ^The modification of the method of Entenman 
ei al. consisted of the preparation of the barium hydroxide solution. 10 gm. 
of BafOH)- were dissolved in 100 cc. of hot distilled water and the solution 
formed was filtered. 15 cc. of this solution were used for each hydrolysis 
instead of 15 cc. of a saturated solution of barium hydroxide as originally 
described. 

Glick’s Method — The hydrolysis was earned out as follows. An aliquot 
of an extract was added to a 125 cc. Erlenmeyer flask and the volume re- 
duced to about 5 cc. by evaporation on a steam bath. 15 cc. of the barium 
hydroxide solution prepared as described above were added to each flask 
and a bubble stopper placed on the flask. The mixture was then heated 
for 2 hours by direct contact with steam. .After cooling, 1 drop of thymol- 
phthalein indicator was added and this was followed by the addition of 
glacial acetic acid, until the blue color jmd disappeared. The mLxtm-e 
was then filtered with suction through a medium sized fritted glass filter 
and the residue washed twice with distilled water. The filtrate was col- 
lected in a 30 cc. glass ^ial placed inside the suction fla'k. 

Choline was precipitated by the addition to the filtrate of a solution of 
the Reinecke salt in methanol, as described by Click. The mi.xture wa« 
allowed to stand for 2 hours and then filtered through a fritted glas^ filter 
of medium porositj* and the residue washed with 2.5 cc. of x propanol. 
The precipitate was dissolved in acetone, the acetone solution passed 
through the glass filter, and the filtrate collected in a 15 cc. centrifuge 
tube that had been placed inside the suction flask. The contents of the 
centrifuge tube were mixed thoroughly with a glass rod, the volume read, 
and the solution transferred to a colorimeter tube and stoppered. The 
color was determined by the Klett-Summerson photoelectric colorimeter, 
as previously described (2). 

Phosphorus was determined on aliquots of the various extracts by King s 
method (4). 

Results 

Plasma — ^The following fractions of dog plasma prepared as described 
above were analyzed for choline and phosphorus. (1) -In alcohol-ether 
extract, (2) an ethyl ether-methanol solution of phospholipid,' that had 
been precipitated from a petroleum ether extract of pla=ma. (.1) a methanol 
extract, and (4) an acetone extract. Tlie result- are recortied in Talile I 

The choline contents of the alcohol-ethcr extmets of the plasma of 'Ci cn 
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dogs were measured by the methods of Entenman, Taurog, and Chaikoff (2) 
and of Glick (3). The two values obtained for each of three plasma 
samples of Dogs 10, 12, and 13 were practically identical. The two values 
obtained for each of the other four plasma samples were also in good agree- 
ment. Thus the maximum difference was observed in the two values for 
Dog 15; these were 64.5 and 61.5 mg., the latter having been obtained by 
the Glick method. 

The choline contents of plasma phospholipids that had been precipitated 
by means of acetone and MgCh were determined by the two methods and 
the values recorded in Table I. The agreement between the two values 
obtained for each of the seven plasma samples was exceedingly good. 

The choline contents of methanol extracts of three samples of plasma 
were compared by the two methods. The values obtained for two of the 
three extracts were practically identical. 

In Table I, two choline values are shown for each of three acetone ex- 
tracts of plasma. In a single sample (Dog 9) a difference of 2.6 mg. was 
observed between the two values obtained by the-methods of Glick and of 
Entenman et al. But the two values obtained for the other two dogs 
(Nos. 10 and 11) agreed well. 

Table I shows the amounts of choline and phosphorus that can be ex- 
tracted from plasma by various types of solvents or procedures. The 
methanol and the alcohol-ether extracts contained the highest amounts 
of choline as judged by either method of estimation of choline. It is of 
interest to note here that extraction with alcohol and ether removes the 
same amount of choline from plasma as does treatment vith methanol 
alone. These two extracts, however, contained only slightly more choline 
than did the fraction designated here as "precipitated phospholipids.” As 
was to be expected, the lowest amounts of choline were found in the acetone 
extracts. 

The highest values for phosphorus were consistently found in the meth- 
anol extracts and the lowest in the acetone extracts. Good agreement, 
however, was obs6rved between the phosphorus values of an alcohol-ether 
extract and of the fraction designated “precipitated phospholipids.” 

I/iver — Two fractions of dog liver were analj’^zed for choline and phos- 
phorus, (1) an alcohol-ether extract and (2) an ethyl ether-methanol solu- 
tion of phospholipids that had been precipitated as described above. 

Alcohol-ether extracts were prepared from the livers of seven dogs and 
their choline contents, as measured by the methods of Glick and of Enten- 
man et al., compared (Table II). In only two of the extracts was good 
agreement observed between the two choline values (Dogs 4 and 7). In 
the other five extracts higher values were obtained by Ente nman ’s method 
than by Glick’s. Thus in the case of the liver extract of Dog 1 , a difference 
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of 20 per cent was observed between the eholine values as measured by 
the two methods. A similar difference was found in the alcohol-ether 
extract of the liver of Dog 3. 

The two values found for the choline content of phospholipids that had 
been isolated from a petroleum ether extract of liver by precipitation iiith 
acetone and MgCb were in good agreement. In six of the eight samples 
analyzed the difference between the two values did not exceed 4 per cent; 
the maximum difference was 10 per cent. 


Table II 

Comparison of Values Obtained for Choline Content of Extracts of Dog Liver by Methods 
of Click and of Entenman et Al. 



Choline method used 


Phospholipid 

Dos. No.* 

ChoHnc 

Phos- 

phorus 

Choline 

P 

Choline 

Phos- 

phorus 

Choline 

P 


! 

mg. per 
100 €C. 

mg. per 

100 cc. , 

molal rath 

mg. per 
100 cc. 

mg. per 
100 cc. 

molal rath 

1 

Entenman ct al. 

175 

82 1 

1 



78 

0.49 


Glick 

130 

0.43 

K9 

0.44 

2 

Entenman cl al. 

139 

71 

0.50 

in 

67 

0.42 


Glick 

112 


0.40 

109 


0.42 

3 

Entenman el al. 

224 

83 

0.69 

186 

76 

0.63 


Glick 

182 


0.56 

188 


0.63 

4 

Entenman et al. 

308 

139 

0.57 


132 

0.54 


Glick 

294 


0.54 



0.52 

5 

Entenman el al. 

340 

145 

0.60 

264 

122 

0.56 


Glick 

325 


0.58 

258 


0.54 

6 

Entenman et al. 

344 

146 

0.60 


139 

0.59 


Glick 

330 


0.60 

298 


0.55 

7 

Entenman el al. 

335 

147 

0.58 

306 

139 

0.56 


Glick 

334 


0.58 

296 


0.55 

8 

Entenman el al. 




158 

62 

0.65 


Glick 




151 


0.62 


* See the foot-note to Table I. 


The results presented in Table II show that the choline content of an 
alcohol-ether extract of the liver may be much higher than that of the 
fraction designated precipitated phospholipids. Tliis was consistently the 
case only when the method of Entenman el al. was used for the determina- 
tion of choline. Thus, as judged by both methods, the amount of choline 
foimd to be alcohol-soluble in the livers of Dogs 4, 5, 6, and 7 was muc i 
greater than that found as phospholipids. But in Dogs 1, 2, and 3 e 
choline values of the two fractions as measured by the Glick method agree 
quite closely, whereas when choline was measured by the method of Enten 
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man et al. the alcohol-ether-soluble choline was as much as 30 per cent 
higher than phospholipid choline. 

The phosphoiTis content of the solution of precipitated phospholipid was 
usually about 5 per cent less than that of the alcohol-ether extract. 

Comment 

The results of the present investigation show that identical choline values 
are obtained for plasma and liver phospholipids whether the choline 
reineckate is precipitated in the presence of 1.2 n HCl (method of Enten- 
man el al.) or at a pH between 8 and 9 (Click’s method) . The phospholipid 
analyzed in these experiments represents a fraction that had been pre- 
cipitated from petroleum ether extracts of liver and plasma by acetone 
and MgCb. The same choline values were also obtained by these two 
methods when analysis was made of an extract of plasma designated here 
“alcohol-ether soluble.” 

A definite difference did appear, however, in the choline values of an 
alcohol-ether extract of liver; in this case lower values were found when 
G]ick’.s method was used. This may mean, as Click points out, that in an 
alkaline medium the precipitation of compounds other than choline by 
reineckate is less likely to occur. The fact that, in contrast to the alcohol- 
ether extract of liver, identical values were found for phospholipid choline 
is not surprising, since the phospholipids used for analysis here were first 
precipitated from a petroleum ether solution by the addition of acetone 
and MgCb and subsequently washed with acetone, a procedure that sensed 
to free the phospholipids from the possible presence of compounds that 
form insoluble reineckates. 

It is of interest to note here that the ratios of choline to phosphorus for 
plasma phospholipids were found to be unity or quite close to unity when 
choline was determined by Click’s method as well as when the method of 
Entenman et al. was used. The earlier obsen'ation that all phospholipids 
of dog plasma are of the choline-containing type is therefore confirmed (1). 

The values observed for the choline content of the methyl alcohol-soluble 
fraction of plasma were somewhat higher than those for the other three 
fractions studied. Interestingly enough, the choline content of the pre- 
cipitated phospholipid fraction is but little less than that of the meth 3 ’l 
alcohol extracts. The latter contained from 2 to 13 per cent (average 6) 
more choline than the phospholipid fraction. If allowance is made for the 
loss of phospholipids, probablj’^ less than 5 per cent, that occurs during their 
isolation, precipitation, and subsequent solution in a mixture of methanol 
and ether, it would appear that nearlj’’ all the clioline contained in the 
methyl alcohol extract had been derived from plasma phospholipids. If, 
in addition, it is assumed that the choline content of the methj’l alcohol 
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extract represents the total choline content of plasma, then the results 
presented here lead to the conclusion that dog plasma contains very little 
choline that is not bound as phospholipid. It can be estimated that less 
than 5 per cent of plasma choline exists in the free state. 

Further evidence that practically no free choline exists in plasma is 
provided by the data shown in Table III. Choline chloride was added to 
dog plasma and its recovery determined in an alcohol-ether extract of 
plasma and in a fraction of plasma designated as precipitated phospholipids. 
Tlie preparation of each has been described in the section on plasma 
extracts. Practically all the added choline was recovered in the alcohol- 


TaBLI! Ill 

Recovery of Choline Added lo S Cc. of Dog Plasma in Its Alcohol-Ether Extract and in Its 


Precipitated Phospholipid Fraction 


Plasma 
sample No. 

Choline 
added to i 
plasma 1 

Alcohol'Cthcr extract of plasma 

Pptd. phospholipid fraction of plasma 

Total 

choline 

found 

Recovery of added choline 

Total 

choline 

found 

Recovery of added choline 


mf. 

mg. 

mg. 

per cent 

mg. 

mg. 

per cent 

1 

0 

2.26 



2.16 



2 

0 

2.25 



2.16 



3 

0 

2.23 






4 

0 

2.29 






/ 6 

1.92 

4.09 

1.83 

96.5 




6 

1.92 

4.15 

1.89 

98.6 




7 

1.92 

4.12 

1.86 

97.0 




8 

1.92 

4.06 

1.80 

94.0 




9 

1.92 




2.18 

0 

0 

10 

1.92 



i 

2.12 

0 

0 


ether extract. None of it was found in the phospholipid fraction. There 
can be no doubt, therefore, that the phospholipid fraction as prepared here 
does not retain free choline. 

The above conclusions on the amounts of free choline contained m dog 
plasma are not in line with the views of Luecke and Pearson (5), who report 
that from 24 to 31 per cent of the choline contained in the plasma of the 
horse, beef, and sheep, and as much as 26 per cent of human plasma, 
masts in the free form. These workers claim to have effected a separation 
of plasma choline into free and combined merely by the addition of acetone, 
they regard acetone-soluble choline as free choline. In reviewing t^ 
question of solvents for phospholipids, Thierfelder and Klenk (6) points 
out in 1930 that the amount of phospholipid from fresh organs soluble m 
acetone may be considerable. Luecke and Pearson (7) have shown ^ ^ 
water solution of soy bean lecithin can be completely precipitated y 
acetone, but it is not surprising that the solubility properties of phosp o- 
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lipids as they exist in fresh tissue differ from those of isolated lecithin that 
has been subjected to various chemical procedures necessary for its isolation. 

In order to test the solubility of plasma phospholipids under the condi- 
tions described by Luecke and Pearson (5) 5 cc. of plasma were added to 
20 cc. of acetone and the resulting precipitate removed by centrifugation. 
Choline and phosphorus were measured in the supernatant fluid and the 
results recorded in Table I. Most of the choline and phosphorus of plasma 
remains in the acetone when 1 volume of plasma is mixed vdth 4 volumes of 
acetone. Since the ratio of choline to phosphorus of the acetone super- 
natant is approximately unity, it is reasonable to conclude that the choline 
found to be soluble in acetone was phospholipid choline. 

SUMMARY 

Various extracts and fractions of plasma and liver were analyzed for 
choline by the methods of Click (3) and of Entenman ei al. (2). 

1. Identical choflne values were found for the phospholipid fraction iso- 
lated from either liver or plasma when the precipitations of choline rein- 
eckate were carried out (1) in the presence of 1.2 n HCl (method of Enten- 
man et al.) and (2) at a pH between 8 and 9 (Click’s method). 

2. The values obtained when the two methods were used for the estima- 
tion of the choline content of an alcohol-ether extract of plasma were in 
good agreement. Both methods also gave identical values when a methanol 
extract of plasma was analyzed. 

3. When an alcohol-ether extract of liver was examined, the choline 
value as measured by the Click method was found to be lower than that 
obtained by the method of Entenman et al. 

4. The alcohol-ether extract and the phospholipid fraction of plasma 
contained the same amounts of choline and phosphorus. 

5. Practically all the choline contained in the methanol and alcohol- 
ether extracts of plasma is bound as phospholipids. It is estimated that 
less than 5 per cent of plasma choline is in the free form. 

6. The earlier finding that practical^ all phospholipids of dog plasma 
are choline-containing is confirmed. 
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THE MECHANISM OF ACTION OF THE ANTIFATTY LIVER 
FACTOR OF THE PANCREAS* 

I. ITS RELATION TO PLASMA CHOLINE 

By I. L. CHAIKOFF, C. ENTENMAN, and M. LAURENCE MONTGOMERY 

(From the Divisions of Physiology (Berkeley) and Surgery (San Francisco), 
University of California Medical School) 

(Received for publication, May 31, 1945) 

The accumulation of fat in the liver of the completely depancreatized 
dog maintained with insulin results from the loss of the external secretion 
of the pancreas. This was shown by two findings: fatty livers can be 
induced by ligation of the pancreatic ducts (1-3) ; and the development of 
fatty livers can be prevented by the feeding of pancreatic juice, not onli’- 
in the duct-hgated dog but also in the completelj' depancreatized dog kept 
alive with insulin (4). 

Although the mechanism by which the exclusion of the external secretion 
of the pancreas produces fatty livers is not known, the following observa- 
tions arc pertinent to its imdenstanding. Fatty lii’ets dei’elop in dogs 
deprived of the external secretion of the pancreas, despite the fact that such 
dogs are fed a diet that is not deficient in choline or in methyl, but can be 
prevented by the addition of extra free choline to the diet or by the ingestion 
of fractions of the pancreas (5, 6). It has been clearly established that it 
is not the choline content of the pancreas fraction fed that accounts for its 
antifatty liver action. The ingestion of as little as GO mg. per day of 
Fraction 27C, which is free of choline, is sufficient to prevent fatty livers in 
completely depancreatized dogs weighing 10 to 12 kilos (G), whereas the 
minimum effective dose of choline was found to be 35 mg. per kilo per 
day (5). 

In 1934 it was reported that the increased fat content of the livers of 
depancreatized dogs reeei^^ng insulin is accompanied by decreased amounts 
of phospholipids in their blood (7). A similar decrease in the phospholipid 
level of the plasma was later obsen'cd in dogs in which the external secre- 
tion of the pancreas was excluded from the intestinal tract (8). A recent 
analy.sis of plasma phospholipids .shows them to be of the choline-containing 
type (9); it was estimated that Ic.ss tluin 5 per cent of the phospholipids of 
plasma is of the non-choline-containing tAiJC. Moreover, according to the 
findings of the preceding paper, practically all choline of pka-^ma is con- 
tained in the phospholipid molecule (10). The indications are therefore 

* Aided by grants from tlic Cliristinc Breon Fuml for Medical Bc'carcli. 
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strong that the dog in which the flow of pancreatic juice into the intestinal 
tract has been interrupted is suffering from a deficiency of circulating 
choline. 

The present report deals with the levels of plasma choline of depancrea- 
tized and duct-ligated dogs fed various diets and the response of these levels 
to the addition of fractions of the pancreas. 


Table I 

Plasma Choline of Completely Depancreatized and Pancreatic Duct~Ligated Dogs 
Maintained on Meal-Sucrose Diet 


! 

Dog No. 

1 

Weight 

Time of observation 

Fhsma 

cbolme 


ks. 


fJj. fef 
100 ee. 

D553 

8.2 

Before pancreatectomy 

61.3 


7.0 

8 wks. after pancreatectomy 

46.6 


6.5 

12 “ “ “ 

41.3 

D552 

6.0 

Before pancreatectomy 

62.0 


5.9 

28 wks. after pancreatectomy 

45.0 


5.4 

52 “ " “ 

40.0 

Dsar 

12.5 

Before pancreatectomy 

SS.O 


12.4 

16 wks. after pancreatectomy 

37.2 

D528 

15.0 

Before pancreatectomy 

49.6 


7.8 

20 wks. after pancreatectomy 

25.1 

D524 

10.1 

Before pancreatectomy 

61.1 


7.0 

29 wks. after pancreatectomy 

20.6 


7.5 

56 “ “ “ 

40.3 

E91 

11.0 

Before ligation of pancreatic ducts 

55.7 


8.1 

22 wks. after ligation of pancreatic ducts 

29.3 

E92 

9.6 

Before ligation of pancreatic ducts 

54.5 


8.4 

20 Tvks. after ligation of pancreatic ducts 

27.5 

E93 

12.7 

Before ligation of pancreatic ducts 

56.8 


8.5 • 

12 wks. after ligation of pancreatic ducts 

35.6 

E91 

11.7 

Before ligation of pancreatic ducts 

53.0 


7.2 

20 wks. after ligation of pancreatic ducts 

26.3 

E95 

15.5 

Before ligation of pancreatic ducts 

52.5 


7.4 

14 wks. after ligation of pancreatic ducts 

30.4 


1. Plasma choline is decreased in the completely depancreatized dog main- 
tained with insulin and in the dog subjected to ligation of pancreatic ducts. 
The preparation of dogs for pancreatectomy or ligation of their pancreatic 
ducts has been described elsewhere (11). Following either of these surgica 
procedures, each dog listed in Table I was fed twice daily 250 gm. of lean 
meat, 50 gm. of sucrose, 10 gm. of bone ash, and 1 gm. of Cowgill s sa 
mixture (12). Each dog also received once daily 3 cc. of sariUene an 
gm. of yeast (11). Insulin was injected twice daily, Immediately a ® 
the ingestion of the diet. 
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Plasma choline was measured on the day of operation and at various 
intervals after pancreatectomy or duct ligation. The method of Entenman 
et al. was used (13). The results are recorded in Table I- A significant 
reduction in plasma choline occurred as early as 8 weeks after pancreatec- 
tomy (Dog D553); the level of plasma choline was still below normal as 
late as 1 year after complete excision of the gland (Dogs D552 and D524). 

The earliest observation on the level of plasma choline after duct ligation 
was made at an interval of 12 weeks (Dog E93), at which time the con- 


Table II 

Effect of Prolonged Feeding of 1 Gm. of Pancreas Fraction AR* on Plasma Choline of 
Depancreatized Dogs Fed Meat-Sucrose Diet 


Pog No. 

Weight 

Time of observation 

Plasma choline 

D533 

he. 

6.6 

3 wks. before pancreatectomy 

me. Ptr 100 cc. 

67.0 


6.7 

2 « (t 

63.6 


6.7 

Of “ “ “ 

65.5 


6.2 

15 '• after 

66.5 


5.9 

19 “ •< “ 

63.5 


6.0 

25 *1 « »* 

73.0 

DS34 

6.2 

2 “ before 

73.0 


5.8 

Of “ “ 

66.5 


5.9 

6 “ after 

77.0 


5.8 

g (C « (( 

89.0 


6.0 

t€ « (t 

77.0 


■ 5.9 

IS •' “ “ 

77.0 


6.5 

22 ** ** " 

92.0 

1)535 

7.9 

3 “ before 

64.2 


8.0 

Of " “ “ 

68.0 



11 “ after 

72.6 



14 ** ** 

70.3 


mm 

22 “ “ “ 

70.8 


* The method of preparation of Fraction AR has been described (5)- 
fDay of pancreatectomy. 


centration of plasma choline had fallen from a preopenttive value of 57 
to 36 mg. per 100 cc. The longest interval studied was 22 weeks (Dog 
E91), by which time the level of plasma choline was still considerabl 3 ' 
below the preoperative leVel. 

2. The daily feeding of 1 gm. of pancreas Fraclion AR prevents the fall 
of plasma choline levels in completely depancreatized dogs fed a lean meat 
diet. Dogs D533, D534, and D535 were depancreatized and then fed the 
diet described in Section 1. In addition each dog received once dailj" 1 gm. 
of Fraction AE., a pancreas fraction derived from 5.5 gm. of fresh tissue (5). 
It was ^own earlier that the daily ingestion of 1 gm. of Fraction AR was 
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sufficient to prevent the development of fatty livers in completely depuu- 
creatized dogs (5). 


Tablu III 

Effect of Addition and Removal of Pancreas Fractions on Plasma Choline of 
Depancreatizcd Dogs Fed Meat-Sucrose Diet 


Dog No. 

AN’cight 

Pancreas fraction administered 

Type 



Amount fed 
daily 


is. 




Sm. 

DS48 

7.4 

AR 

Begun 




7.7 


Stopped 

20 

2.0 


7.4 





D560 

6.5 

AR 

Begun 




7.4 


Stopped 

21 

2.0 


6.3 





D562 

8.4 

AR 

Begun 


. 


0.0 


Stopped 

21 

2.0 


8.0 





»502 

7.5 

AR 

Begun 




7.8 


Stopped 

20 

1.8 


7.2 





1510 

8.6 

AR 

Begun 




8.8 


Stopped 

21 

1.0 


8.2 





1561 

7.6 

AR 

Begun 




8.3 


Stopped 

24 

1.0 


7.5 










ms. 

Dsn 

8.2 

27C* 

Begun 




8.8 


Stopped 

21 

60 


8.5 





D513 

4.4 

27C 

Begun 




4.6 


Stopped 

21 

60 


4.5 





D514 

8.7 

27C 

Begun 




9.2 


Stopped 

21 

60 


9.3 





D548 

7.5 

27C 

Begun 




7.7 


Stopped 

21 

60 


7.0 






Plasma choUne 


mg. per 100 cc. 

41.2 

63.0 

43.0 

45.7 

77.5 

49.2 

23.8 

53.5 

34.7 

33.7 

62.2 

37.0 

35.0 

59.0 

29.3 

44.5 

61.9 

35.5 

47.5 

65.3 

39.4 

46.2 

69.6 

47.0 

59.4 

73.5 

55.2 

39.5 

63.2 
36.8 > 


* The preparation of Fraction 27C has been described (6). 

Plasma choline was determined repeatedly in these three 
before and after excision of the pancreas. The results recorded in Ta e 
leave no doubt that the fall in plasma choline that occurs in depancrea iz 
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dogs maintained on the lean meat-sucrose diet can be prevented b}'- the 
addition of 1 gm. of Fraction AR per day. The levels of plasma choline 
found 22 to 25 week.s after pancreatectomy were as high as or higher than 
the preoperative levels. 

3. Pancreas fractions increase circulating choline when ingested by depan- 
creatized dogs maintained with insxdin and a lean ineat diet. Following pan- 
createctomj' the dogs listed in Table III were fed the lean meat-sucrose 
diet desciibed in Section 1. Plasma lipids were determined at various 
inteixals after pancreatectomy, and when a drop below normal was defi- 
nitely established, pancreas fractions were added to the diet and their 
feeding continued for the ne.xt 20 to 24 days. Plasma choline was deter- 
mined on three separate occasions: (1) on the day that the feeding of the 
fraction was begim, (2) on the last daj' of their feeding period, and (3) 2 to 
3 weeks after their addition to the diet had been discontinued. 

The feeding of Fraction AR for appro.vimately 3 weeks produced a 
significant rise in the level of plasma choline in all six dogs studied (Ta- 
ble III). The choline content of the plasma of Dog D502 rose from 34 to 
62 mg. per 100 cc., whereas in Dog D502 the le^•el of plasma choline was 
more than doubled bi’’ the feeding of Fraction AR. The higher levels of 
plasma choline produced by the feeding of Fraction AR were not main- 
tained after its feeding was discontinued. The values observed 2 to 3 
weeks after the feedings of Fraction AR were stopped were in close agree- 
ment with those observed at the start of the experiment. 

The ingestion of as little as GO mg. per day of Fraction 27C led to pro- 
nounced increases in the level of plasma choline. It was found earlier 
that 60 mg. per day of this fraction were also sufficient to maintain a nor- 
mal fat content in the livere of completely depancreatized dogs for as 
long as G months (6). 

The results obtained with Fraction 27C leave no doubt that pancreas contains 
a substance highly active in choline metabolism. 

4. The ingestion of pancreas fractions increases circulating choline 7n 
depancreatized dogs fed a low choline diet. After pancreatectomy Dogs 
D561, D511A, D511B, D520A, and D520B were fed the meat-sucrose diet. 
llOien their plasma choline was reduced below noimal, the 3 ’ were placed 
on the low choline diets described in Table D’. 2 weeks later 1 gm. of 
Fraction AR was added to their diets and this amount fed daih' for the 
next 3 weeks. Plasma choline was determined on the following three 
occasions: (1) on the 14th daj' after the feeding of the low choline diet vas 
begun, i.c. on the 1st doj”^ that Fraction AR was added to the diet, (2) 
21 daj's later, i.c. on the last daj”^ that Fraction AR was fed; and (3) 3 vccIk 
after Fraction AR had been excluded from the diet. The results of this 
experiment are recoitlcd in Table IV. 
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Table IV 

Effect of Pancreas Fractions on Plasma Choline of Depancreathed Dogs Fed 
Diet Low in Choline 


Bog No. 

Weight 

Diet 

Pancreas fraction 

Plasma 

choline 

Ex- 

tracted 

casein 

Sucrose 

Lard 

Days 

diet 

fed 


Total 

days 

fed 

Amount 

fed 

daily 


1 kg. 

gtn.per 

gm. per 

gm. per 





Type 

m.per 

m ... 


meal 

meal 

meal 




gm. 



D661t 

7.4 

35* 

66 


14 

Begun 


1.0 

All 

42.2 


8.0 

35 

66 


35 

Stopped 

21 



65.6 


7.5 

35 

66 


56 





47.2 

DSllAt 

7.5 

35* 

66 


14 

Begun 


1.0 

AR 

51.5 


8.6 

35 

66 


35 

Stopped 

21 



63.3 


8.1 

35 

66 


56 i 





37.2 

DSllBt 

7.0 

35* 

66 

10 

14 

Begun 


1.0 

AR 

35.8 


7.5 

35 

66 

10 

35 

Stopped 

21 



65.2 


7.2 

35 

66 

10 

56 





47.2 

D520At 

10.6 

35* 

66 


14 

Begun 


1.0 

AR 

56.5 


11.0 

35 

66 


35 

Stopped 

21 



67.5 

! 

10.7 

35 

66 


56 





48.0 

D520Bt 

10.5 

35* 

66 

10 

14 

Begun 


1.0 

AR 

50.1 


11. 0 

35 

66 

10 

35 

Stopped 

21 



67.5 


10.6 

35 

66 

10 

56 





56.0 









mg. 



D509A§ 

11.0 

4011 

50 

10 

14 

Begun 


100 

27C 

41.0 


10,0 

40 

50 

10 

35 

Stopped 

21 



86.0 


9.6 

40 

50 

10 

56 






D509B§ 

8.7 

4011 

50 

10 

14 

Begun 


100 

27C 

33.3 


8.4 

40 

50 

10 

35 

Stopped 

21 





7.0 

40 

50 

10 

56 






r)512§ 

10.8 

4011 

50 

10 

14 

Begun 


100 

270 

41.3 


10.2 1 

40 1 

50 

10 

35 

Stopped 

21 





10.0 

40 

50 

10 

56 







' I - ^ 

* The casein was extracted for several days with increasing concentratioM 
methanol, the final extraction having been made with 90 per cent hot methano 

1 day. It was free of choline. . ^ 

t These dogs received once daily 5 cc. of Galen B, 2 gm. of Cowgiil’s salt mix ; 

and 4 gm. of bone ash. -t o irm of 

t These dogs received once daily 5 cc. of Galen B, 3 cc. of cod liver oil, B 
Cowgiil’s salt mixture, and 4 gm. of bone ash. ., 

§ These dogs received with each meal 2 gm. of bone ash, 3 cc. of cod 
20 gm. of Cellu flour. Each dog received per kilo per day 100 r of thiamine, 
riboflavin, 100 y of pyridoxine, 2 mg. of niacin, 2 mg. of calcium pantot ena , 

2 mg. of inositol. 


11 Vitamin-free Smaco casein was used. 
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Dogs D509 and D512 were fed the meat-sucrose diet for their first 73 
and 62 days respectively after pancreatectomy. At the end of this period 
the values for plasma choline were below the preoperative. The subse- 
quent treatment of these two dogs is’ recorded in Table IV. The values 
for plasma choline shown in Table IV were obtained (1) at the end of the 
first 2 weeks in which they were fed the low choline diet; (2) 21 days later, 
during which time they received daily the low; choline diet supplemented 
with 100 mg. of pancreas Fraction 27C; (3) 21 days later, during w'hich time 
they were fed the low choline diet without the pancreas fraction. 

The lean meat-sucrose diet employed in the experiments described in 
Sections 1 to 3 w'as quite rich in choline. The quantity of meat fed each 
dog contained approximately 0.5 gm. of choline, an amount that is more 
than enough to account for the extra choline that appears in the plasma of 
the depancreatized dog in response to the ingestion of the antifatty liver 
factor of the pancreas. As judged by the resxilts of Table IV, however, 
the antifatty liver factor of the pancreas increases the concentration of 
plasma choline even when the diets fed are quite low in choline. 

With the exception of the rice bran concentrate (Galen B) the con- 
stituents in the diet fed to Dogs D561, D511A, D511B, D520A, and D520B 
were practically free of choline. The 5 cc. of Galen B fed each day con- 
tained about 60 mg. of choline. The amount of Fraction AE added to the 
diet daily could have contributed about 10 mg. of choline. Although the 
rise in plasma choline, which in these three dogs amounted to 15 to 30 mg. 
per 100 cc. of plasma, could have been derived from the small amounts of 
dietary choline, the extra choline that appeared in the plasma of Dogs 
D509 and D512 when 100 rag. of Fraction 27C were added to the diet 
could not have originated from dietary choline. These two dogs received 
a diet practically free of choline. The casein, Cellu flour, as well as the 
purified B vitamins, contained no measurable amounts of choline. Vita- 
mins A and D were furnished in the form of cod liver oil; the 3 cc. fed daily 
to each dog contained less than 0.15 mg. of choline. The lard fed daily 
contained less than 0.5 mg. of choline. Thus, although each dog ingested 
less than 1 mg. of choline daily, the extra choline that appeared in plasma 
alone when 100 mg. of pancreas Fraction 27C were administered amounted 
to well over 200 mg. 


DiscmssiON 

Although it has been widely accepted that phospholipids serve to trans- 
port fat, their r61e as vehicles for the storage and transport of choline has 
not hitherto been stressed. There can be no doubt from the eridrace 
presented in the preceding paper that practically all the choline contained 
in plasma is in firm organic combination as phospholipids. This obsen a- 
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tion in conjunction nith a unique characteristic of plasma phospholipids, 
namely that they are all of the choline-containing type, would appear to 
lend support to the view that plasma phospholipids are intimately con- 
nected with the physiological activity of circuhling choline. 

The results of the present investigation demonstrate that the complete 
excision of the pancreas or, more specifically, the deprivation of the ex- 
ternal secretion of the pancreas profoundly affects choline metabolism. In 
the dog deprived of its pancreatic juice, there occurs a reduction in the 
concentration of circulating or plasma choline. This decrease in plasma 
choline occurred even though the dogs were fed diets that were not de- 
ficient in choline or its precursor, methionine. 

It is evident, therefore, that a relation exists between the level of plasma 
choline and the external secretion of the pancreas. This is further home 
out by the isolation of a pancreas fraction that is active in maintaining the 
level of circulating choline when added to the diet of the dog deprived of 
the external secretion of its pancreas. The administration of as little as 
60 mg. daily of such a fraction was found sufficient to raise the concentra- 
tion of plasma choline to noraial. 

While the mechanism by which the pancreas, through its external secre- 
tion, exercises a controlling influence on the level of circulating cholme 
remains at present unexplained, it is of interest to note here that the ac- 
tion of pancreas fractions in increasing the concentration of plasma cholme 
is not dependent upon the presence of choline as such in the diet. Tim 
extra choline that appears in the plasma of depancreatized dogs receiving 
pancreas fractions must therefore result from either a shift of choline from 
the tissues to the plasma or the sjmthesis of choline from its precursors. 


SUMMARY 

1. The concentration of plasma choline is depressed in dogs deprived of 

the external secretion of the pancreas and in completely depancreatize 
dogs maintained wdth insulin. This fall in plasma choline is associa « 
with the development of fatty livem. j f m 

2. A principle highly active in choline metabolism can be isolate 

the pancreas. The daily administration of as little as 60 mg. of a panoro ^ 
fraction (No. 27C) is sufficient to prevent the fall in plasma choline 
pancreatized dogs, as well as to raise the level in those in which e 
of plasma choline had been permitted to fall. This fraction o 
also prevents fatty livere in depancreatized dogs maintained with ^ 

3. This action of pancreas fractions in increasing the conoen 
plasma choline is not dependent upon the presence of choline as s 
the diet. 
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INTERACTION BETWEEN PROTEINS AND SYNTHETIC 
DETERGENTS 

III. MOLECULAR-KINETIC STUDIES OF SERUM ALBUMIN -SODIUM 
DODECYL SULFATE MIXTURES* 

Bt HANS NEURATH and FRANK W. PUTNAM 

(From the Department of Biochemistry, Duhc University School of Medicine, Durham, 

North Carolina) 

(Received for publication, May 14, 1945) 

Attempts have been made to explain the action of certain protein- 
denaturing agents, such as organic solvents, urea, guanidine halides, and 
salicylates, in terms of (a) physical solvent effects (c/. (4)) or (&) unspeci- 
fied intermediary combination between denaturant and protein (c/. (5)). 
Recent work has shown that the denaturing effect of guanidine hydro- 
chloride, one of the most powerful denaturants hitherto known, is equaled 
by that of synthetic detergents and that the latter are effective in con- 
siderably lower concentrations (6-8). 

^ Chemical and electrophoretic measurements have revealed the forma- 
tion of stoichiometric complexes of horse serum albumin and sodium 
dodecyl sulfate (SDS), presumably involving the ionized basic groups of 
the protein molecule (1, 2, 9). This view is further supported by viscosity 
and diffusion measurements on serum albumin-SDS mixtures presented 
in this paper. It is proposed that combination of SDS with specific 
side chain groups of the protein is an important step in denaturation. 

EXPERIMENTAL 

_ Materials and Methods — The materials used in this study were five 
times crystallized horse serum albumin,* containing 0.1 per cent carbo- 
hydrate, prepared by the method already described (1), and purified 
sodium dodecyl sulfate.^ Both substances were homogeneous in electro- 
phoresis (2) . Stock solutions were prepared by dissolving in buffer weighed 
amounts of lyophilized salt-free albumin or of detergent. The composi- 
tion of the phosphate-NaCl buffer used in most of this work was 0.01 m 

* The first paper in this series described the effect of detergents on the precipita- 
tion of proteins (1), Paper II, the electrophoretic analysis of serum albumin-sodium 
dodecyl sulfate mixtures (2). A preliminarj’ account of this work has been given (3). 

* We are indebted to the Lederle Laboratories, Inc., Pearl River, New York, for 
a supply of horse serum. 

* A gift of Dr. S. Lenher of the Fine Chemicals Division of E. I. du Pont de Ne- 
mours and Company, Inc., Wilmington, Delaware. For the chemical analysis 
see the first paper (1). 
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IQI:PO<-0.01 SI NriHPOi-O.IS m NaCl, fi appro.\imately 0.2, pH 6.7 
(determined with the glass electrode). Other buffers used in the pre- 
liminary investigation were of the following composition: 0.05 m sodium 
acetate-0.05 m NaCl, n = 0.1, pH 4.2; 0.02 m sodium acetate-0.2 m HaCl, 
M approximately^ 0.2, pH 5.0; and 0.02 si total phosphate-0.15 si NaCi, 
fi approsdmately 0.2, pH 7.7. 

Viscosity measurements were carried out at 25° ± 0.01° with the modi- 
fied Ostwald viscometers previously described (10). 

Density measurements were made at 25° in 5 cc. capped pycnometers. 

Difusion measurements were performed uith the refractometric scale 
method at 25° ± 0.003°. The apparatus and methods used in the calcu- 
lation of diffusion constants have been described in detail in a recent re- 
view (11). 

The protein concentration of stock solutions and of their dilutions was 
determined from the weight of samples after correction for moisture 
content, and confirmed by Kjeldahl nitrogen analysis. 

Preliminary Viscosity Measurements — Preliminary viscosity measure- 
ments were undertaken’ at pH 4.2 and 7.7 on mixtures of horse serum 
albumin with (a) a commercial anionic detergent,* (!>) ^ commercial 
cationic detergent,’ and (c) purified SDS. At both pH values all three 
detergents produced large increases in the relative viscosity of the protein. 
However, further investigation was restricted to purified SDS. 

Viscosity measurements made 30 minutes after mixing albumin and 
detergent, and repeated at inteiamls up to 48 hours, gave values that were 
the same within the e.\perimental error. As a routine precaution, a 
mixtures were allowed to stand overnight at room temperature. 

Constant Detergent Concentration — ^As a corollary to the study of t e 
effect of detergent concentration on protein precipitation, measuremMl® 
were made of the relative viscosity of serum albumin at different dilations 
in solutions of constant detergent concentration. To avert precipitation, 
measurements at pH 4.2 were limited to the region of detergent exce^. 

In Fig. 1, the idscosity® of the protein relative to that of the so' on 
(considered to be buffer plus SDS) is plotted against the protein 
tration in weight per cent. It is apparent that lo'V molar concentra lo 

^ We are indebted to Dr. John O. Erickson for these preiiminary 

* Nacconol N. R. S. F., a sodium alkjd benzenesulfonate mixture, i a 

Aniline Division, Allied Chemical and Dye Corporation. . Ijoride, 

‘ Emulsept, N (higher acyl esters of colaminoformylmethyl) pyridiniujn c 
The Emulsol Corporation. jlivtbstd 

• The relative viscosity, 7/170, is the viscosity of the solution divide y 

the pure solvent. The term (7/70 — 1 ) is the specific viscosity ec. a" (l,e 

viscosity increment (12), where c is the volume (or weight) concentra 
solute. The intercept of the plot of 7,,/c against c is the intrinsic viscosi > 
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of detergent give rise to a viscosity increase comparable to that produced 
by high concentrations of urea or guanidine hydrochloride. Thus, 8 m 

viscosity* of serum albumin from 4.3 to about 
^ (14), 0.035 M SDS (1 per cent) to 18, and 0.17 m SDS (5 per cent) to 2G. 
Moreover, 0.28 m SDS (8 per cent) has about the same effect (29.5) as 



■ ^ Read from top to bottom the curves refer, respectively, to serum albumin 

lu s per cent sodium dodecyl sulfate (SDS), pH 4.2; in 5 per cent SDS, pH 4.2; in 1 

(■): ino.6 per cent SDS, pH 6.7; in 0.3 per cent 
’ P . native serum albumin in buffers of pH 4.2, 5 0, and 6.7. The 

0 ted line represents denatured horse serum albumin in S m urea. 

8 M guanidine hydrochloride (31.5) which gives the highest value thus 
far obsen^ed (14). 

The close agreement between the values obtained in solutions containing 
1 per cent SDS at pH 4.2 and 6.7 (Fig. 1) illustrates the fact that the 
viscosity increase is independent of pH. 

^^Tiereas in dilute solutions the viscosity increment* is usually inde- 
pendent of protein concentration, as shown in Fig. 2 for native albumin, 
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in relativelj'^ high concentrations of SDS, as in 8 Ji urea or guanidine 
hydrochloride (14) , ijip/c increases with protein concentration. In contrast, 
in relatively lew detergent concentrations (1 per cent or less), ii,p/c de- 
creases with increasing protein concentration (ef. Fig. 2) and tends to 
approach the value observed for the native protein. 

Dependence of Viscosily on Detergent to Protein Weight Ratio — ^The data 
presented in Fig. 2 suggest that in low detergent concentrations, at least 
over a certain range, the viscosity increment depends on the detergent 
to protein ratio. As a test of this hypothesis additional viscosity measure- 
ments have been made and all of the data have been plotted in Fig. 3, 
the viscosity increment being given as a function of the detergent to pro- 



Fig. 3. Viscosity increment, of horse scrum albumin in sodium 

sulfate (SDS) solutions at pH 6.7, plotted against the detergent to protein ^ 

ratio. Reading from top to bottom the curves refer, respectively, to ^ 

(Q), 0.6 (A), and 0.3 (•) per cent SDS. All other data at pH 6.7 are 
by clear circles. Solid squares indicate the viscosity increment of serum s 
at pH 4.2. 


tein weight ratio. Three regions may be recognized for each o^ " 
a correlation with precipitation and electrophoresis data obtains. 
Initially, the viscosity increment is nearly independent of deterg 
protein weight ratio, up to a value of approximately 0.2. p{I 

responds to the composition of the electrophoretic complex 
6.7, and coincides with the minimal ratio required for complete pr 
tion of the protein at pH 4.5. (2) The segment of the cun'e in 

viscosity increment increases linearly with detergent to protein 
responds to the formation of AI> 2 „ and higher, electrophoretica 7 
geneous complexes. (3) Beyond the point at which the viscosi J 
no longer depends on detergent to protein weight ratio (approxini. 



H. NEURATH AND P. AV. PUTNAM 


401 


free detergent first makes its appearance in electrophoresis, the mixtures 
being completely soluble at pH 4.5. In this region, the viscosity incre- 
ment appears to be dependent on the absolute detergent concentration. 

The dependence of the viscosity increment on detergent to protein 
weight ratio indicates that up to a ratio of approximately 1, detergent 
is bound by tbe protein, a conclusion in accord with electrophoretic meas- 
urements (2). However, electrophoresis also revealed that, depending 
on the detergent to protein ratio, one or more components may be present. 
Therefore, determinations of the viscosity increment at infinite dilution 
(intrinsic viscosity') were limited to mixtures corresponding in composi- 
tion to electrophoretically homogeneous complexes. 



Fjo. 4. Relative viscosity of serum albumin, A (•), and sodium dodecyl sulfate, 
SDS (A), and of the stoichiometric complexes AD„ (□) and AD:„ (O) at pH 6.7, 
plotted against the total freight concentration of solute (albumin plus detergent). 
For the composition of the complexes see the text. Extrapolation to infinite dilution 
of SDS yields a deviation from linearity indicated by the dotted portion of the 
curve and discussed in the text. 

Molecular-Kinelic Studies of Complexes AD„ and ADin — Solutions of 
serum albumin and SDS were made up in phosphate buffer, pH 6.7, the 
mixing ratio of the components corresponding, respectively, to comple.xes 
-dD„ (0.225 gm. of SDS per gm. of albumin) and AD:n (0.45 gm. of SDS 
per gm. of albumin). Viscosity measurements were made on successive 
dilutions of these two stock solutions tvith buffer, thereby maintaining 
constant relative composition. 

The relative viscosities of solutions of these comple.xes, as well as of 
native serum albumin and of pure SDS, are plotted in Fig. 4 against the 
gm. per cent concentration of the solute. Since the detergent is assumed 
to be completelj’' bound by the protein, the xuscosity xvas calculated relative 
to that of the buffer only. 
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It is to be noted that the viscosity of pure SDS' is almost the same as 
that of pure serum albumin. In the absence of interaction other than 
that restricted wholly to volume additivity, no significant viscosity increase 
would be anticipated when the relative viscosity of the mbctures is plotted 
against the total solute concentration. This, indeed, is the case for AD„ 
and confirms the previous conclusion that up to a detergent to protein 
ratio of about 0.2 no significant viscosity increase occurs. However, this 
is not the case for the second complex, ADj„, which shows a significant 
viscosity increase, attributable to a corresponding change in molecular 
dimensions. 

From the intrinsic viscosity, apparent molecular shapes (hydration 
being disregarded) of the pure components and of the two complexes were 
calculated in the manner already described (10), assuming the molecules 
to appro.ximate prolate ellipsoids of revolution. The data are expressed 
in terms of axial ratios, 6/a, and are given in Table I, together with the 


Table I 

Molecular -KincHc Constants of Protein-Detergent Complexes 


Material 

(^) 

B 

a)* 








I0-’ cm • 






:ecr^ 

Serum albumin 

4.20 

4.8 

3.3 



Sodium dodecyl sulfate 

4.20 



mm 

lO.St 

AD„ 

4.30 


3.3 

WBM 

6.9 

ADsn- 

7. 25 

Hb 

5.6 

Wm 

5. 5 


Mol vtl 


70 , 000 ' 

22,000 

76.000 

95.000 


For an explanation of the symbols see the text. 

* Data of Neurath et al. (14). 
t Diffusion data of Hakala (16), corrected to 25° 


corresponding dissymmetry constants, f/fo, and shape values correc 
for 33 per cent hydration, (b/a)/,. , 

The data indicate that, while native serum albumin, pure SDS, an 
first complex, AD„ all have about the same molecular shapes, the sec 
complex, AD 2 n, is about twice as elongated. gpg 

Diffusion constants of native horse serum albumin (11) an o 
(16) have been taken from the literature, the latter value represen iDo 


average of an extensive series of measurements. Diffusion. 

AD„ and AD^n were measured on the solutions used for viscosi y s 

1 The apparent break in the viscosity curve for pure SDS (Pig. 4) sc® 

to the onset of ionic micelle formation. For a discussion of this p c 

(IB). 
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Calculations were made by five different methods as indicated in Table II 
in which the results are recorded in detail. 

The mixtures of serum albumin and SDS represented by comple.ves AD„ 
and ADin appear to be homogeneous in diffusion, as indicated by the 
agreement of the values computed by the several methods of calculation 
(11). This observation is also in accord with the fact that solutions of 
these comple.ves are essentially homogeneous in electrophoresis (2). 

The data in Table I reveal that the diffusion constant of AD„ and par- 
ticularly that of ADin are lower than those of the individual constituents. 


Table II 

Diffusion Constants of Serum Albumin-Sodium Dodecyl Sulfate Complexes* 



Time 

D, 

Di 

Dt 

D, 

Dt 

AD„ (0.67% horse serum 
albumin-0.15% SDS)t 

1 

lO-i 

6.7 

6.6 

6.6 




lO-t 

6.7 ± 0.2 

Average 

6.75 X 10"’ cm.’ sec 

6.9 X 10-’ “ 

D* .. .. ... 

ADsn (0.50% horse serum 
albumin-0.22S% SDS)t 

81,600 

103,020 

127,260 

5.3 

5.2 

5.3 

5.4 

5.3 

5.2 

5.6 

5.3 

5.5 

5.9 

5.5 

5.7 

5.45 ± 0.1 

Average . .. 

D' 

5.45 X 10"’ cm ’ sec."’ 

5.5 X 10"’ “ 


* D denotes the diffusion constant at 25** in sq. cm. per second, /?j, Dz, Da^ Da* 
and Da refer, respectively, to the diffusion constant calculated by the mavimum 
height, maximum height-area (unsquared), maximum height-area (squared), stand- 
ard deviation, and successive analysis methods. D' is the average diffusion con- 
stant corrected for solvent viscosity (11). 

t Buffer composition, 0.01 M KHjPO.-O.Ol m NaiHPO,-0.15 M NaCl, pH 6 7, ionic 
strength approximately 0.2 

This is in qualitative agreement with the observations of Lundgren ct al. 
for egg albumin-sodium alkyl benzenesulfonate mixtures (1/), whereas 
Miller and Andersson (18) have observed intermediate values of the 
diffusion constant for the complex formed between insulin and Duponol. 

Molecular weights were calculated from the values of the dissjTnmetrj 
constants and diffusion constants and are given in the last column of 
Table I. It may be noted that the molecular weight of the detergent 
micelle is about 20,000 (somewhat higher than preidously reported for 
Duponol (18)) and that the molecular weights of the complexes .41? « and 
ADs„ exceed that of either albumin or detergent. The molecular weight 
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of the complex, Mn, may also be calculated from the combining weight 
ratio, s, and the molecular iveight of native albumin, Mi, with the equa- 
tion (19), 

Miz = (s + l)!lh 

where s represents gm. of SDS combined per gm. of protein (data obtained 
by electrophoresis (2)). The corresponding values calculated for AD, 
and ADin are, respectively, 85,600 and 101,500. 

It is noteworthy that in the formation of these two coinple.xes at pH C.7 
neither aggregation (as manifested by precipitation below pH 4.8 (1)) 
nor dissociation (as obseiw'ed for insulin (18)) occurs. It may be con- 
cluded, therefore, that detergent reacts with the albumin to form molecu- 
larly and electrophoretically homogeneous comple.xes of definite com- 
position.* 

DISCUSSION 

The behavior of serum albumin-SDS mixtures with respect to precipi- 
tation, viscosity, and electrophoresis may be fully accounted for by postu- 
lating the formation of discrete stoichiometric coniplexes. Though 
precipitation is restricted to the pH raitge in which the components caro" 
charges of opposite sign, complex foimation, as well as denaturation, is 
independent of pH over a wide region. Viscosity measureraents on solu- 
tions of the homogeneous complexes, AD„ and ADtn, indicate thcintnnsic 
viscosity of the first complex to be nearly the same as tfiat of the native 
albumin, whereas that of the second is considerably higher. The formation 
of electrophoretic complexes higher than ADsn coincides with further 
increase in the viscosity of the mixtures. 

In previous work, the increase in intrinsic viscosity of proteins upon 
denaturation by various means has been considered to be due pnmari } 
to an increase in asymmetry of the protein molecules nither than to m 
creased solvation* (14, 20-22). The same point of view lias been adopt 

• In preliminary measurements of the sedimentation of horse avrum albumin 

Duponol (a mixture of homologous sodium alkyl sulfates, approximating 
mean molecular weight) Miller and Andersson (18) noted that 1 per 
albumin in 0.5 per cent Duponol (a weight ratio closely corresponding ^ , 

for j4Ds„) “yielded on ultracentrifugation a single, fairly symmetrical boun ^ 

The areas under the curves indicated the presence of the DupUnol as "s 
serum albumin.” The fact that a slightly lowered sedimentation cons w ^ 
obtained indicated a possible dissociation of serum albumin ° JjJ^sion 

served with insulin. However, with their .sedimentation constant and t e 

constant observed by us for AD,, (corrected to 20°), an apparent inolccu ar 
of 90,000 may be calculated. .. . to 

* If the increase in intrinsic viscosity of the protein were to he ascri e 
combination With the denaturant, the amount combined may be ca cu 
the relation 
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in this paper. While in the present instance unsymmetrical adsorption 
of detergent anions by the protein might conceivably account for the 
increase in intrinsic viscosity of the complexes, the occurrence of other 
changes, recognized as criteria of denaturation, militates against this 
hypothesis. For example, the full complement of sulfhydryl groups of 
egg albumin is liberated both by 8 m guanidine hydrochloride (23) and 
by relatively low concentrations of alkyl sulfates (7). Moreover, the 
viscosity increase of egg albumin in concentrated detergent solutions is 
accompanied by the development of positive flow birefringence indicative 
of rod-shaped particles and by visible fiber formation upon extrusion into 
coagulating solutions (24). The x-ray diffraction patterns of regenerated 
fibers are similar to those obtained with proteins denatured by other 
means (20, 25). 

While the exact structure of the complexes and the exact nature of the 
processes involved in their formation remain to be elucidated, certain 
deductions may be made from the data presented herein and in the pre- 
ceding papers of this series (1, 2). The stoichiometric combination be- 
tween detergent and proteins in the formation of both AD„ and AD-„ 
presumably is due to ionic interaction. The greater reactivity of the 
groups which combine in the first complex may be ascribed to a difference 
in dissociation constant, spatial position, or structural function. It is 
stated that slightly more than one-half of the cationic groups of serum 
albumin are strongly basic (62 guanidinium and e-amino (26)) and it has 
been found that nearly the same number (about 55) are combined in the 
first complex (2). With other proteins, e.g. egg albumin (27) and 
lactoglobulin,*° the formation of two discrete complexes ■^^ith SDS has 
also been observed. However, though the composition of the higher 
complex may be related in both instances to the total acid-binding capacitj' 
of the protein, a specific assignment of strongly or more weakly basic 
protein groups to either complex does not seem warranted on the basis of 
the available analytical data. 

(v$p/c)h _ Fg 

ivip/c)A Va 

where the subscripts H and A refer to the intrinsic viscosity in the presence of the 
denaturant and in aqueous buffer, respectively, and Va denote the respective 
specific hydrodynamic volumes of the solvated and anhydrous protein. In this 
connection it should be noted that on previous occasions (14, 20) the amount of urea 
that would have to be bound per gm. of serum albumin to explain the v'iscositj in- 
crease observed in 8 si solutions has been given as 2.7 gm., whereas the correct value 
is 4.2 gm. Accordingly, it is in a 4 per cent protein solution that about onc-third of 
the urea molecules would have to be bound and in a 10 per cent solution all of them 
(</. (20)). 

Unpublished experiments. 
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As an alternative, it may be postulated that the groups combined in the 
second complex differ from the remainder in accessibility, either as a result 
of steric arrangement or because they are involved in side chain bond 
formation. Both hypotheses are compatible vdth the fact that all of the 
basic groups are titratable with acids, the former, because these groups may 
be accessible to hydrogen ions but not to large detergent anions, the latter, 
because the bonds are broken during titration. Regardless of whether 
some of the ionized protein groups occupy positions ivithin the molecule 
(as postulated by a proposed structure for an egg albumin-detergent 
complex” (28)), they may be involved in side chain bond formation. 

Recent discussions of protein structure have emphasized the structure- 
determining role of side chain interaction (29-31) and the hypothesis of 
electrostatic bonds between some of the ionized protein groups is in ac- 
cordance with these views. Breaking of these bonds by detergents or 
hydrogen bond-forming compounds (e.p., urea, salicylate, guanidine 
hydrochloride) will lead to side chain separation followed by disorientation 
of the main chains, as evidenced by viscosity increase and other changes 
observed in denaturation. Of course, the breaking of only a few of these 
bonds may be critical, as in the case of pepsin and hemoglobin (c/. (20^- 
The second complex, ADi„, represents a well defined species characteris- 
tic of a certain degree of denaturation. The formation of the higher 
complexes may be ascribed to the non-polar adsorption of additions 
detergent by this complex, either by non-polar protein groups or by t e 
detergent already bound.'- The further increase in intrinsic mscosi j 
observed in this region coincides with the dissolution of the precipitate a 
pH 4.5 (c/. (1, 32)). Further disorientation of the protein occurs in t is 
range as manifested by phenomena usually observed with a high degree 
of denaturation (see above (24)). .. , 

The results described in this series of papers have led to a more de ai ^ 
description of the process of denaturation of proteins by synthetic 
gents. This explanation may equally apply to denaturation by urj^^ 
salicylate, or guanidine hj'drochloride. The considerably higher c 
centrations required for the latter agents to exert their full ^ 

ascribed to their lower affinity for the protein groups, rather t an 
mere solvent effect. 

' nf the structure 

” The primary assumption made by Palmer (28) in his discussion o^ (ogether 
of the egg albumin-detergent complex, namely that the molecules are c 
by non-specific, non-polar forces,” is not in accord with the conclusi 
in this series of papers (1,2). _ , ]oyer of 

It is unlikely that AD^n results from non-polar adsorption of a 
detergent to AD,,, with hydrophilic groups exposed, because (1) bo .y,"j 50 sity i"' 
are insoluble below pH 4.8, and (2) AD^n but not ADn exhibits a arg 
crease over the native albumin. 
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summary' 

In continuation of previous studies of the interaction between proteins 
and synthetic detergents, the viscosity of mixtures of horse serum albumin 
and sodium dodecyl sulfate has been investigated. 

At constant detergent concentration, the viscosity increment of the 
protein isiindependent of pH but varies with the detergent to protein ratio. 
Apparent viscosity anomalies observed with low detergent to protein 
ratios have been attributed to the formation of stoichiometric complexes 
whose existence had already been demonstrated by electrophoretic analysis. 

The molecular-kinetic properties of the discrete complexes, ADn and 
ADjn, have been determined by diffusion and viscosity measurements, 
and compared to those of the pure components. While formation of the 
first complex occurs without detectable changes in molecular shape, 
formation of the second complex involves an increase in the molecular 
asymmetry of the protein. More extensive denaturation of the protein 
occurs as higher complexes of variable composition are formed. 

The structure of the complexes and the mode of denaturation have been 
interpreted in terms of stoichiometric binding of detergent anions bj’’ 
cationic protein groups with resultant rupture of structure-determining 
protein side chain bonds. It is suggested that other denaturants of lower 
affinity for proteins act in a similar manner. 
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GROWTH REQUIREMENTS OF A PURINE-DEFICIENT 
STRAIN OF NEUROSPORA* 
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Among the mutant strains of Neurosrpora crassa isolated by Beadle and 
Tatum (1) was one, strain 3254, which although unable to grow on 
the simple medium of salts, sugar, and biotin grew in the presence of yeast 
extract. Preliminary expeiiments showed that this strain did not respond 
to the knoum vitamin and amino acid mixtures, but that adenine was an 
effective growth supplement. The rate of growth on adenine as on yeast 
extract itself, however, failed to reach the value found for the normal wild 
type regardless of the concentration used. In an attempt to find the con- 
stituent which would provide for normal growth and to compare theit 
growth-promoting activities, various purines and related compounds have 
been studied. Of the compounds examined a cozymase preparation gave 
the highest maximum rate of growth, a value about 75 per cent that of the 
wild stram. The other active compounds, adenine, hypoxanthine, oxyad- 
enine, adenosine, adenosine-3-phosphate, and yeast nucleic acid, as well as 
extracts of several natural products including liver, malt, and Neurospora, 
gave comparable maximum growth rates equal to 60 to 70 per cent that of 
the wild type. As these maximum rates were in no case equal to that of the 
wild strain, it appears that, while this mutant is deficient in adenine or the 
closely related purines, there are other genetic factois which result in a re- 
duced rate of growth. 

A comparison of the growth-promoting efficiencj’’ of the different active 
compounds at concentrations less than those required for maximum growth 
showed that the rate was dependent on the amount of adenine present 
whether free or combined as adenosine or adenosine-3-pho.sphate (yeast 
adenylic acid). /Yeast nucleic acid as the sodium or ammonium salt pro- 
vided rates roughly comparable to that expected from the adenine content 
required by the tetranucleotide theory. The compounds most closely re- 
lated structurally to adenine, h}'poxanthine and oxyadenine, proved as 
effective as the former in equivalent concentrations. YrTrile no specificity 
was found in these cases, the other purines including guanine, xanthine, 

* Aided by a grant from the Nutrition Foundation, Inc. Taken from a the.'iis 
submitted by John G. Pierce in partial fulfilment of the requirements for the degree of 
Doctor of Philosophy, Stanford University, 1044. 
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caSeine, and uric acid, and allantoin and uracil were completely inactive. 
The present paper presents the results of these experiments. 

EXPERIMENTAL 

Measurement of Growth — ^Two methods have been used previously for 
measuring the growth of Neurospora; namely, the rate of progressionof the 
mycelium on an agar medium in horizontal tubes (1, 2) and the dry weight 
of mycelium produced in liquid culture (3). While the latter has been 
found more satisfactory for assay purposes (3-5), it has been observed that 
some mutant strains which produce maximum growth in liquid culture 
(an amount comparable to that produced by the original wild strain) fail to 
do so when growm on an agar medium. The reason for this difference is not 
entirely clear, but it appears that such strains respond to non-specific sub- 
stances present in the liquid medium. Because the present mutant, strain 
3254, responded in this manner when groivn in the presence of yeast extract, 
its groivth response was measured by the former method at 25°. The com- 
position of the basal medium and the method of preparation and inoculation 
of the growth tubes have been previously described (3, 6). The position of 
the mycelial frontier was marked for the first time 24 Hours after inocula- 
tion, which alloived sufficient time for the mycelial frontier to have become 
well established. The tubes were marked at 24 hour intervals for a period 
of 5 or 6 days, and the average rate in mm. per hour ivas calculated for each 
day. The stock cultures were maintained on agar slants containing the 
basal medium supplemented ivith 1 mg. of adenine sulfate per 10 ml. 
Transfers were made about every 3 weeks. 

Materials — ^The purified compounds and extracts of natural products, 
in most instances, ivere obtained from commercial sources as follows: ade- 
nine, xanthine, uracil, and yeast nucleic acid, Eastman Kodak Company, 
adenosine and yeast adenylic acid, A. D. Mackay Company; yeast extract, 
Difco Laboratories; solubilized liver, Wilson and Company; malt e.xtract. 
Peerless Yeast Company. 

The following compounds ivere prepared in crystalline form by we 
knoum procedures: hypoxanthine ((7) p. 121), guanine ((7) p. 110)> 8“® 
nosine ((7) p. 163), trisodium guanylate (8), and allantoin (9). 

Oxyadenine was kindly provided by Dr. Mary V. Buell and the samp e 
of cozymase by Dr. Paul D. Boyer. The latter sample had been prepare 
by Merck and Company, Inc., and was stated to be 60 per cent pure coen 
zyme I. j 

The Neurospora extract ivas made by grinding a weighed amoun o 
dried wild type mycelia with the aid of a small amount of Hyflo 
and W'ater in a mortar. Insoluble material was removed by centniug ' 
and the aqueous extract was lyophilized. 
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Results of Growth Experiments — The growth characteristics of strain 3254 
have been somewhat different from those that have been found either with 
the wild strain or mth the pyrimidine-deficient mutants (6). With the 
latter, maximum growth rates of about 4.2 mm. per hour are established 
from 2 to 3 days after inoculation. In the case of strain 3254, however, the 
maximum value reached was only 3.0 mm. per hour regardless of the type or 
amount of supplement present in the basal medium. Similarly the time 
required to reach the maximum, when an optimum concentration of supple- 
ment was used, was increased to about 4 to 5 days. With slightly smaller 
amounts of supplement the same maximum rate was achieved but the time 
required was 5 or 6 days. With still smaller amounts of supplement the rate 
increased progressively over the first 4 days and reached a fairly constant 
rate, less than maximum after the 5th daJ^ In the results presented below 
the maximum rates were arbitrarily chosen as those obtained during the 
6th day. 

Values for the various pure compounds and crude extracts and the ap- 
proximate concentrations at which half maximum and maximum rates were 
obtained are given in Table I. It may be seen that, w'hereas rates of about 
4.2 mm. per hour were obtained for the wild strain, the maximum rate found 
for strain 3254 on adenine was about 2.C mm. per hour and that similar 
values were found for equivalent concentrations of oxyadenine, hypoxan- 
thine, adenosine, and adenosine-S-phosphate. The coz3miase preparation 
provided a slightly higher maximum rate, but the amount required 
indicated that its activity was dependent on the amount of adenine present 
in combined form. The results with yeast ribonucleic acid should be in- 
terpreted in a qualitative rather than quantitative sense. The concentra- 
tions are given in terms of samples prepared as the sodium and ammonium 
salts without regard to their phosphorus or moisture contents. The data 
show that adenine in these compounds is available for the growth of strain 
3254 in the approximate concentrations expected. 

The results with the various crude extracts suggest that either free or 
combined adenine or the closely related purines, oxiadenine or hiTioxan- 
thine, are present in x’^arying concentrations in the preparations mentioned. 
The fact that none of the extracts including that from Nenrospora itself 
produced a rate of growth comparable to that of the xrild strain shows that 
the deficiency is not due entirely to the absence of a simple cell constituent, 
which would be expected to be present in aqueous extracts of ground Neuro- 
spora. It is possible that blockage of the mechanism for the tn vico sjti thesis 
of adenine or the related purines in strain 3254 leads either to the production 
of intermediates xvhich inhibit growth or that adenine is not as readily 
absorbed or utilized for growth as are the various other compounds xxhich 
produce normal growth in other deficient strains under similar conditions. 
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Table I 

Maximum Rales of Growth of Mutant SgSi on Various Supplements and Approximate 
Concentrations at Which Half Maximum and Maximum Rates IFere Found 


Supplement 

Concentration in medium 

Rate of growth* 

For half maxi 
mum rates 

For maximum 
rates 


mi per tO ml j 

ms per 10 ml 

mm per hr. 

Adenine sulfate, (C 6 H 5 N 6 )s-H 3 S 0 i- 2 H 50 . 
Oxyadenine hydrochloride, 'CtHsONi- 

0 1 

0 5 

2 6, 2.4, 2.5 

HCl-2HsO 

0 I 

0 5 

2 5, 2 7 

Hypoxanthine, CsHjON* i 

0.1 

1 0 

2.6, 2 3 

Adenosine, CmHuNjOi-liHiO i 

Adenosine-3-phoaphate, CioHnNtOrP- 

0 15 

1 

0.7 

2.5, 2 8 

2HsO 

Yeast ribonucleic acid (neutral sodium 

0 3 

0 9 

2.7,2 8 

salt) 

Yeast ribonucleic acid (neutral am- 

2 2 

8 9 

2.4 

monium salt) 

2.2 

S 9 

1 9 

Cozymaso (60% pure) 

1 6 

8.0 

3 0 

Yeast extract (Difco) 

16 

40 

2 1,2.1 

Liver extract (Wilson's liver fraction L) 

12 

60 

2.4, 2.6 

Malt extract (Peerless) 

200 

260 

1.4 

N eurospora extract 

60 

100 

2.8,2 9 


* Each value represents the maximum rate found in a different experiment. 
Wild type controls on the basal medium alone grew at an average rate of 4 2 mm. per 
hour with the exception of the experiments on hypoxanthine and ribonucleic acid. 
In these cases, presumably owing to the presence of inhibiting substances in the agar, 
the wild type rate on the basal medium was 3.6 mm per hour. 


■Jr 



Loa /jiO ADemst on adsnine' couvalents^kr lonL 

Fio. 1. Rates of growth of mutant strain 3254 as a function of conrentrab 
O adenine, # oxj adenine, □ adenosine, and ■ adenosinc- 3 -phosplia(c 
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The l“ates of growth on adenine, oxyadenine, adenosine, and adenosine-3- 
phosphate as a function of tlie logarithm of the concentration expressed as 
adenine or adenine equivalents in micrograms per 10 ml. are plotted in Fig. 
1. The growth cur^'es for this mutant are comparable to those published 
for other deficient Neurospora mutants with the exception of the lower 
ma.xima. The values plotted are rates obtained during the 6th day in an 
experiment carried out concurrently on the four compounds with the same 
agar and the same inoculum. It may be seen, within experimental error, 
that adenine, oxyadenine, and adenosine give the same growth cuiwe when 
their concentrations are expressed in terms of adenine equivalents. 
Adenosine-3-phosphate gave a similar maximum but proved slightly less 
efficient at concentrations which failed to support maximum growth. 
Other experiments carried out at other times \vith the same supplements 
gave similar results. The growth curve obtained on hypoxanthine showed 
this compound to be less efficiently utilized for growth than adenine, but the 
results are less satisfactory because the agar available at the time contained 
some inhibiting material. The growth cun’e found with the cozymase 
preparation was similar to that found for adenylic acid, but the results are 
uncertain because no information was available as to whether or not the 
impurities known to be present contained adenine nucleosides or nu- 
cleotides. 

The various compounds which proved inactive were tested at a concen- 
tration of 1 mg. per 10 ml. of medium. Because of their low solubility in 
some cases the stock samples consisted of suspensions rather than solutions. 
The rates of growth found in the case of guanine, xanthine, caffeine, uric 
acid, allantoin, uracil, and guanosine were of the order of 0.1 mm. per hour, 
comparable to that obtained on the basal medium alone. 

DISCUSSION 

The results show that the deficient Neurospora mutant, strain 3254, is 
able to grow when adenine or the closely related purines, hypoxanthine or 
oxyadenine, are added to the basal medium. The rate of growth under 
these conditions is not comparable to that found for the original wild strain 
but is similar to that provided by a number of crude extracts including one 
from Neurospora itself which presumably contained all the constituents 
required for growth. Adenosine, adcnosine-3-phosphatc, and cozymase 
provided similar maximum rates of growth but were less efficient per unit 
weight than free adenine, the activity in each case licing dependent on the 
amount of combined adenine known to be present. It appears, therefore, 
that this strain is a true adenine-deficient mutant and that the lower maxi- 
mum rate of growth may be due to the growth characteristics of the strain 
itself. 
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The results obtained mth oxyadenine are of interest because they dioir a 
close relationship between this purine and adenine. Although over 15 
years have elapsed since oxyadenine was discovered in pig blood (10) and its 
occurrence as a nucleoside is known (11), little information has been con- 
tributed regarding its function or possible metabolism. As the function of 
adenine in the present mutant is no doubt concerned vith the syntheas of 
nucleic acids and other adenine-containing compoimds, it is likely that 
ox^^adenine as well as hj’po.vanthine undergoes reduction to adenine in 
Neurospora metabolism, 

"While adenosine and adenosine-3-phosphate are readily diffusible and 
could be utilized direct for groudh, the fact that they are only as active 
as the adenine present suggests that they may first be hydrolyzed to free 
purine. It is of interest that this mutant, unlike the pyrimidine-deficient 
mutants, can utilize ribonucleic acid directly. 

The failure of guanine to provide for growth shows that this purine or its 
oxidation products, xanthine and uric acid, are nob readily converted to 
adenine in this mutant. It is lilcely either that adenine is necessary for 
guanine synthesis or that the two compounds are synthesized by different 
mechanisms. 

The lack of specificity shoum by strain 3254 and the poor gronih charac- 
teristics make it less desirable for assay purposes than the pyrimidine mu- 
tants previously described (6). 


STJMJLVRY 

Studies of the growth requirements of an experimentally produced Neu- 
rospora mutant, strain 325-1, have shown that adenine, oxyadenine, and 
hypoxanthine are effective supplements to the basal medium of simple salts, 
sugar, and biotin. Adenine in combination as nucleoside, nucleotide, ribo- 
nucleic acid, or cozymase is also available for growth, but the relative ac- 
tivity of these compounds is dependent on the amount of adenine present. 
The rate of growth on extracts of several natural products including li'er, 
malt, and Nenrospora shows that one or m ore of the active compounds men- 
tioned above is present in such preparations. 

We should like to express our thanks to Dr. D. Klein for supplies 
of several liver fractions, to Dr. Mary V. Buell for the sample of oxyademne, 
and to Dr. Paul D. Bo 3 ^er for the sample of coz)Tnase. 
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THE UTILIZATION OF ACETIC ACID FOR THE 
SYNTHESIS OF FATTY ACIDS* 

Bv D. RITTENBERG and KONRAD BLOCH 

(F rom the Department of Bioehemistry, College of Physicians and Surgeons, Columbia 
University, New York) 

(Received for publication, June 30, 1945) 

The pertinent data on the synthetic mechanism employed by animals for 
the formation of fatty acids are both meager and indirect. Any hypothesis 
which deals with the mechanism of fat sjmthesis must take account of the 
fact that the constituent acids of the natural fats of mammals have an even 
number of carbon atoms and may include all homologues from C4 up to at 
least C:o. 

The classic experiments of Knoop and Dakin with co-phenyl fatty acids 
suggested that oxidation of fatty acids proceeded by successive removal of 
Cj imits, but no direct evidence was available as to the nature of the C2 
unit. The isotope technique furnished direct proof that shortening of the 
carbon chain by 2 carbon atoms actually occurs (1) and that the fragment 
split off is acetic acid (2). It is well established that the normal animal can 
synthesize fatty acids from glucose. Various intermediates, notably py- 
ruvic acid (3) and acetaldehyde (4), have been proposed. 

In experiments in which acetic acid labeled by deuterium and heavy car- 
bon was fed to mice and rats, we have obtained evidence (5) that fatty acids 
are synthesized by condensation of acetic acid, or of a compound into which 
acetic acid can readily be converted. 

EXPERIMENTAL 

Preparation of Isotopic Sodium Acetate — Acetic acid containing 19.6 atom 
per cent excess C‘^ in the carboxyl group was prepared from methyl mag- 
nesium iodide and heavy CO2, and converted to its sodium salt. Part of 
the sodium acetate was converted to sodium deuterio acetate by treatment 
with D2O and active platinum at 130°. The methyl group contained 77 
atom per cent excess deuterium. 

Feeding Experiments. Experiment A — ^Two rats weighing 51 and 52 gm. 
were kept on a low fat, high carbohydrate diet. In addition, they receiv^ed 
1.6 mM of the isotopic acetate per 100 gm. of rat per day for 3 days. They 
gained an average of 11.5 gm. during the 3 day period. In this experiment 
the acetate was labeled with C” only. 

* This work was carried out with the aid of grants from the Josiah Macy, Jr., 
Foundation and from the Nutrition Foundation, Inc. 

- 417 
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Experiment B — ^Five mice having an average weight of 21 gm. were kept 
on the same stock diet as the rats of Experiment A, ivith a daily addition of 
1.6 mM of isotopic acetate per 100 gm. of weight for 8 days. This acetate 
was labeled vith both and D. 15 minutes before the mice were killed a 
sample of CO 2 was obtained by passing the respiratory gas through a 
saturated solution of Ba(OH) 2 . The BaCOs contained 0.066 atom per cent 
excess C“. The deuterium concentration of the body fluids was 0.09 atom 
per cent excess, determined by the usual procedure (6). 

Isolation of Tissue Constituents. Experiment A — The fatty acids from the 
carcasses of the rats were isolated by the usual procedures. There were 
obtained 3 gm. of fatty acids which contained 0.040 atom per cent excess 
C*’. Part of the fatty acids was decarboxylated by heating vuth iron filing 
in a stream of nitrogen according to the procedure of East^rfield and Taylor 
(7). This carbon dioxide, derived from the carboxyl groups of the fatty 
acids, contained 0.090 atom per cent excess C'^. Glycogen, isolated from 
the pooled livers by the method of Ostern and Hubl (8), contained 0.020 
atom per cent excess C‘b A sample of CO 2 derived from the urea of the 
pooled urine by treatment nuth urease contained 0.033 atom per cent C” 
excess. Since urea is formed from carbon dioxide (9), its isotope concentra- 
tion should represent the average C” concentration of the CO 2 given off by 
these tissues during the experimental period. 

Experiment B — ^The glycogen (13 mg.) obtained from the pooled livers 
of the mice contained 0.038 atom per cent excess C'b From the pooled 
livers and pooled carcasses 225 mg. and 2.4 gm. respectively of fatty acids 
were isolated. The total fatty acids were analyzed for C’ and D. The 
saturated fatty acids of the liver fatty acids were obtained by way of the 
lead salts (10). Of the 48 mg. obtained, 4 mg. were employed for D and 
analysis. The remaining 44 mg. were decarboxylated. The CO 2 was 
converted to BaCOs which in turn was transformed to CO 2 for isotope 


analysis. 

The fatty acids of the carcass were separated into saturated and 
unsaturated acid fractions. The saturated acids were analyzed for D an 
C'®. 22 mg. of BaCOs were obtained by decarboxylation of 107 mg. of the 
saturated acids. The residue from the decarboxylation was treated wt 


hydroxylamine to give the oximes of the ketones formed. The o.ximes con 
tained 0.089 atom per cent excess C”. The lead salts of the unsaturate 
fatty acids of the carcasses suffered considerable change during the 6 vee 
they remained in the ice box before they were worked up, for, on 
between aqueous HCl and ether, about 40 per cent did not dissolve. ^ 
mg. of unsaturated fatty acids were obtained. They were dissolve 1 ^ 
petroleum ether and brominated. After standing overnight a small ^ 
of insoluble bromides was removed by filtration. The soluble bronu 
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were debrominated wth zinc and the regenerated unsaturated acids oxi- 
dized in acetone solution according to the method of Armstrong and Hil- 
ditch (11). The monocarboxylic acid fraction which consists largely of 
pelargonic and heptoic acids was separated from the azelaic fraction by 
steam distillation. The monocarboxyh'c acid fraction was purified by two 
further steam distillations. On titration the mean molecular weight was 
found to be 148 as compared to molecular weights of 130 and 158 for heptoic 
and pelargonic acids respectively. This suggests that the mixture is eom- 
posed of about 1 part of heptoic and 2 parts of pelargonic acid. The azelaic 
acid was isolated from the original oxidation mixture, purified by crystalliza- 
tion from water, and converted to its silver salt. Ag calculated, 53.6 per 
cent; found, 52.1 per cent. 

The isotope concentrations of the various fatty acids and derived com- 
pounds are given in Table I. The C” analyses were carried out on CO 2 pre- 


Table I 

Isotope Concentrations in Lipids of Mtcc Fed Labeled Acetate 
The values are given in atom per cent excess. 



Carcass 

Liver 

C» 

D 

C» 

D 

Total fatty acids 

0 081 

0.13 

0.103 

0.32 

Saturated fatty acids. . . . 

0.101 

0.24 

0.160 

0.42 

Carboxyl carbon of saturated fatty acids 

0.179 


0 290 


Azelaic acid from “oleic” acid fraction 

0 090 

0 14 



“Pelargonic” acid from “oleic” acid fraction 

0.071 

0.15 



Cholesterol. . 

0 047 

0.24 

0.087 

0.67 


pared by the oxidation of 1 to 2 mg. samples of the fatty acids or by the 
decarboxylation of sufficient samples to yield from 2 to 4 mg. of CO 2 . The 
deuterium analyses were carried out by a new micromethod requiring about 
4 mg. of sample. This method will be described in another paper. The 
precision of this new method equals that of the falling drop method which 
we have previously^ employed. As the isotope concentrations in the lipids 
of the mice were higher than in the case of the rats, a more detailed study 
was made of the lipid's of the mice. 

DISCUSSION 

The presence of both C‘® and D in the total fatty acids after the feeding of 
labeled acetate demonstrates that both its carbon atoms are employed in the 
synthesis of some components of the total fatty acid mixture. As only 
small amounts of material were available, no pure compounds were isolated. 
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but the saturated fatty acids of Experiment B consist largelyof palmiticand 
stearic acids. Similarly the azelaic acid and the monocarboxylic acid frac- 
tion obtained by the oxidative splitting of the “oleic” acid fraction must be 
derived principally from the oleic and palmitoleic acids of the unsaturated 
acid fraction. Since the deuterium eoncentrations of eveiy sample 
analyzed are greater than that of the bod}' fluids, there must have been a 
utilization of the meth3d carbon of acetic acid for fatty acid formation. We 
are at a loss to explain the fact that in previous experiments in which 
deuterio acetate was fed the isotope concentrations of the carcass fattj’ 
acids were less than those of the body fluids. In those experiments the liver 
fatty acids were not investigated. 

The presence of C’ in the fatty acids is proof that the carboxjd carbon 
of acetic acid is utilized for formation of the carbon chain of the fatty acids. 
We can eliminate the possibilitj' that the incorporation of C* resulted from 
the oxidation of acetate to CO; and utilization of the labeled CO: for the 
formation of a precursor of the fattj' acids. The animals in Experiment B 


consumed about 13 gm. of diet and l.G mM of labeled sodium acetate per 
100 gm. of weight per day. From the composition of the diet we calculate 
that it contained G gm. (500 mxi) of carbon with an average C*’ concentra- 
tion of 0.064 atom per cent excess. In agreement with this calculated value 
we Arid that the C‘’ concentration of the respiratory CO: at the end of the 
experimental period was 0.06C atom per cent excess. Since the isotope con- 
centrations, not only in the carboxyl carbon atoms, but in the total fatty 
acids are higher, utilization of CO: cannot e.xplain these findings. The 
isotope concentration of both D and C’ is higher in the saturated fatty 
acids than in the total fatty acids, in agreement with results obtained in 


experiments in which heavj' water was administered to mice (12). 

The most significant feature of the data is the finding that the C‘’ con- 
centration of the carboxjd carbon atoms of the saturated fattj' acids is ap- 
proximatelj’ twice as high as the average of all the carbon atoms in the 
saturated fatty acids. The most plausible distribution which will explain 
these data is one in wdiich the labeled carbon is present at everj' other carbon 
atom; i.c., at the odd numbered carbon atoms of the fattj' acids. This i) 
pothesis is supported bj’ the finding that the “pelargonic” acid derived from 
carbon atoms 10 to 18 and the azelaic acid derived from carbon atoms 1 to ^ 
of “oleic” acids contain nearlj' the .same C’ and deuterium concentrations. 


1 On this hypoUicsis the C” coiieentration of the pelargonic acid shoul e 
cent of that of the azelaic acid, since, of the 9 labeled carbon the 

5 should be located in the derived azelaic acid (carbon atoms 1,3, 5, ( , an the 
oleic acid) and 4 in the derived pelargonic acid (carbon atoms 1 1 , *!" ^ ^j„nr 
oleic acid). Taking into account the presence of palmitoleic acid I'M >“ • | 

clieet. The experimental value for the C“ concentration of the pclargon 
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The ketone lemnining nflei dcciiiboxylation of the carcass fatty acids of 
Experiment II contained 0.0S9 atom per cent excess C”. From tlie isotope 
concentration of tlie original fatty acids (0.10) and of the caiboxyl group 
(0.179) the isotope conccntiatioii of the ketone can be calculated on the 
assumption tliat tlic a\'eragc chain length of the fatty acids rvas 17. 

. . „ , 2 X 17 X 0 101 - 0 179 

Atom % excess C’ of ketones = — = 0 099 

oo 

Considering the fact that thiec isotope analyses ate inx'olx^ed in this com- 
parison, the 10 pet cent discrepancy' is not e.xccssivc. 

The results clcaily' dcmonstiate that the labeled carbon is located in the 
chain as well as at the carboxyl carbon atom. It follows that the x\hole 
carbon skeleton of a fatty' acid molecule can be formed from acetic acid, 
though the data do not demonstrate that the fatty acids are formed by this 
mechanism alone. The simplest e.xplanation is that acetic acid condenses 
and is reduced to give fatty’ acids nith an even number of carbon atoms. 
Our rcsvdts do not give any' information as to whether acetic acid itself or 
some compound into n hich it can readily be convei ted in the cell is the con- 
densing unit. The biological condensation of acetate to yield acetoacetate 
has been established in vivo (13) as xvel! as rn vitro (14). Fuither condensa- 
tion, either befoie or after reduction of the keto group, could reasonably' 
yield the higher fatty' acids. 

• • » * 4-4H • * 

CH.COOH + CH.COOH CHjCOCH.COOH — > CH,CHsCH.COOH 

CH,CHsCH.COOH + CH.COOH 

CHjCHiCHjCOCH-COOH — > CHaCH.CH.CHjCHjCOOH 
The asterisks indicate the labeled carbon atoms 

While the caibon atoms of carbohydrates can sei ve as a source of the carbon 
chains of the fatty' acids, there is no direct evidence as to the nature of the 
intermediates inx'olvcd. It is generally assumed that pyruvate is one such 
intermediate. Findings fiom this laboi atoiy indicate that in the liver only 
a small fraction of py'iuvic acid isconvcited to acetic acid (15). No con- 
tiadiction need exist \\ ith icspect to the loles of acetic acid and py'ruvic acid 
in fat foimation if it is assumed that py'iux'ic acid may be used directly for 
fatty acid .synthesis nithout passing thiough the acetic acid stage. If 
py'invate is used, a dccaiboxylation after the condensation toan acy'lpy'iuvic 
acid would be c(iui\'alent to the addition of acetate. The distribution of 

79 per coat of that of the azclaic acid Similar considerations require that the deu- 
terium eoncentrations in the “pclargomc" and azclaic acids be the sarae. The data 
in Table I show this to be the case 
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C“ in the fatty acids requires that if indeed both pyruvate and acetate are 
employed for formation of the carbon chain of the fatty acids they must be 
used at random for the formation of every 2-carbon portion of the molecule. 
The occurrence of aldehydes of the higher fatty acids (16) and the possibility 
that they arise by reduction of the carboxyl group of the fatty acids or by 
decarboxylation of acylpyruvic acids suggest that aldehydes may be in- 
volved in the sjmthesis of fatty acids. 

The isotope concentrations found in the cholesterol and the fatty acids 
are quite low, considering the high isotope concentration in the fed acetate. 
At least two factors are involved in this dilution : (a) acetate may not be the 
sole precursor of these products; (b) the dietary acetate is diluted by endog- 
enous acetate. 

Previous work in this laboratoiy has indicated that when 1.6 rrai of acetate 
are fed to rats per 100 gm. of weight per day it is diluted 13-fold (15). While 
no data are available as to the corresponding dilutions in nuce there can be 
little doubt that dilutions of similar magnitude occur in these animals. On 
this assumption the isotope concentrations of the acetate available to the 
cell are 77/13 = 5.9 atom per cent excess D and 9.8/13 = 0.75 atom per 
cent excess C’^ On the assumption that acetate is the only substance used 
■[^for the synthesis of fatty acids, the maximum isotope concentration which 
would be found in the fatty acids after a very long time on a fat-free diet 
■would be half of 5.9, or 3.0 atom per cent excess D, for CD3COOH would be 
largely converted to — CD2-CH2 — , since hydrogen used for reduction of 
the — COOH must be normal hydrogen arising from the body fluids. The 
corresponding C” concentration of the fatty acids would be the same as that 
of the acetate, 0.75 per cent. During the 8 day period of Experiment B 
only half the fatty acids of the depots were replaced by newly synthesized 
fat (12), so that the isotope concentrations of the carcass fat could be only 
half of the maximum value cited above; namely, 1.5 atom per cent excess D 
and 0.375 atom per cent excess C’. The saturated fatty acids of the 
contained 0.24 atom per cent excess D and 0.101 atom per cent excess C . 
From the C'’ data we thus estimate that at least one-fourth of all carbon 
atoms of the fatty acids are derived from acetate. , 

In confirmation of our previous results the cholesterol of the livers an^ 
carcasses of Experiment B ■ft'ere found to contain deuterium (17). ® 

fact that the cholesterol also contained C“ is direct proof that in choles r^ 
synthesis the carbon, as well as the hydrogen, atoms of acetic a 
are utilized. The isotope concentrations in this compound are higher 
could be expected if they arose by introduction from the body flui^ °lich 
respiratory CO2. This finding supports the thesis that conversions m n ^ 
carbon atoms are utilized can be demonstrated by labeling with deu 
provided that the isotope concentration in the conversion produc exc 
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that of the body fluids. The stability of the C — bond in such transfor- 
mations depends upon the nature of the intermediate involved. For this 
reason a negative result may not bo interpreted as disproving the existence 
of a postulated reaction. 

Calculations similar to those above indicate that with an initial dilution 
factor of 13, and with consideration that in this 8 day period only 15 per 
cent of the bodj" cholesterol is synthesized (12), it should contain 3.0 X 

0.15 = 0.45 atom per cent excess D and 0.75 X 0.15 = 0.113 atom per cent 
excess C’. As in the case of the calculations for the fatty acids, these 
values are predicated on the assiunption that only acetate is used for chol- 
esterol synthesis. The actual values found were 0.24 atom per cent excess 
D and 0.047 atom per cent excess C’. The deuterium values indicate that 
at least half the cholesterol molecule is derived from acetate. If, as we have 
indicated in our previous papers, acetate is a compound which lies along the 
main route for the metabolism of some of the major components of the diet, 
we should expect more acetate to be produced per unit weight of mouse 
tissue than for that of rat tissue, for a mouse consumes more food per unit 
weight than a rat. These estimations suggest that acetic acid is an impor- 
tant source of the carbon atoms employed for the synthesis of fatty acids 
and a major source of the carbon atoms of cholesterol in the mouse. A 
similar conclusion had been reached vith regard to cholesterol formation in 
rats (15). 

The authors are indebted to Miss L. Ponticorvo and Mr. Irving Sucher 
for valuable assistance during the course of this work. 

SUMMARY 

1. Sodium acetate labeled vith D and C" was administered to mice and 
rats. The fatty acids and cholesterol were isolated separately from the 
livers and carcasses of the mice. Both lipids contained C'^ and D, indi- 
cating the utilization of both carbon atoms of acetic acid in their formation. 
Degradation of the fatty acids suggests that the labeled atoms are distrib- 
uted at alternate positions along the carbon chains. 

2. The finding that the cholesterol contains not only deuterium but also 
is proof that both carbon atoms of acetate are utilized in the synthesis of 

cholesterol. 
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ULTRAFILTRABILITY OF THIOURACIL IN HUMAN SERUM; 
DETERMINATION OF THIOURACIL 

By HALVOR N. CHRISTENSEN 
(From The Mary Imogene Bassett Hospital, Cooperstown, New York) 

(Received for publication, July 9, 1945) 

This communication reports a study of the distribution of 2-thiouracil‘ 
between serum and serum ultrafiltrates at various hydrogen ion con- 
centrations. Tliiouracil was observed to be entirely ultrafiltrable when 
the serum was brought below pH 3. This fact permitted an analytical 
determination of thiouracil upon ultrafiltrates of acidified serum or plasma. 
Between pH 4 and 5.3 the fraction of thiouracil bound increased to about 
60 per cent; from pH 6.3 to 7.0 the fraction bound appeared to be about 
constant, whereas a rapid decrease of ultrafiltrable thiouracil occurred 
between pH 7.0 and 7.8 (Fig. 1). 

Electrometric titration of thiouracil (Fig. 2) was performed in an attempt 
to relate this behavior with proteins to changes in the state of charge of 
thiouracil. A single dissociating group with a pK' of 7.74 at 25® and an 
ionic strength of O.IG was observed. The change in ultrafiltrability of 
thiouracil between pH 4 and 6.3 may perhaps be related to changes in 
the dissociation of groups upon the protein molecules, and the second 
rapid increase in bound thiouracil between pH 7.0 and 7.8 to the dissocia- 
tion of thiouracil itself. However, the results obtained by varying the 
thiouracil concentration suggest that as the pH was increased in this latter 
range there was an increase in the concentration of groups upon the macro 
molecules which bound thiouracil. If the concentration of thiouracil 
w’as below certain critical levels (e.g., about 3.7 mg. per cent at pH 7.55 
at 25°, corresponding to pH 7.39 at 38°), 94 per cent or more of the thioura- 
cil was bound (Fig. 3). Above these critical concentrations the type of 
group responsible for this binding appeared to be saturated, and a second 
type of group showing only a moderate affinity for thiouracil became 
evident. Hence the concentration of free thiouracil increased rapidly 
■rvith increasing total thiouracil concentrations. Apparently the increase 
in binding of thiouracil between pH 7 and 7.8 represented mainly an in- 
crease in the concentration of the first type of group. 

The observation that thiouracil binding is abolished by acidification 
suggested that the more acid deproteinizing agents might be the most 
useful in producing protein-free filtrates for thiouracil determination, 
contrary to the impression of Williams, Jandorf, and Kay (1). De- 

* Supplied by the Lederle Laboratories, Inc., under the trade name, Beracil. 
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proteinization of serum or plasma by p-toluenesulfonic acid permitted 
quantitative recoverj’- of added thiouracil (Table I). Recoveries after 
deproteinization by trichloroacetic acid were 65 to 100 per cent; by 
p-toluenesulfonic acid upon whole blood recoveries were 70 to 88 per cent. 
When p-toluenesulfonic acid is used, the results upon the serum of patients 
treated with thiouracil were in agreement with those obtained hj' ultra- 
filtration (Table II). The concentrations found were below 1 mg. per 

Table I 


Recovery of Thiouracil Added to Plasma, Serum, Blood, and Serum UUrajiUrcUs 


Thiouracil added to 

Thiouracil 

added 

Per cent recovery* 

Direct deter- 
mination 

By ultrafiltration 

After deprotclcus- 
tioa by ^toluene- 
sullonic acid 


Pig. per cent 




Ultrafiltrate 

5.0 

101 



r< 

3.0 

98 



(( 

2.0 

97 



<1 

1.0 

96, 97 



Serum 

3.0 


98, 97, 103 


II 

1.0 


92, 100, 95 


II 

0.5 


94, 97, 97 


II 

4.8 



101 , os 

II 

4.5 



103, OS, OS 

11 

4.0 



103 

II 

3.5 



92 

II 

3.0 



101, 102 

tt 

3.0t 



00, 07t 

II 

2.5 



101, 07 

If 

1.5 



OS, OS 

11 

1.0 



95, 00, 101 

Plasma 

3.0 



102, 100 

Blood 

5.0 



SS 

If 

3.5 



73,83 


* Each value represents a separate experiment. jyj2 

t Samples kept IS hours at room temperature over mercury at pH 7.50 an 
before analysis, to simulate the conditions of ultrafiltration. 


cent. At these low concentrations the precision of the ultrafl ’ 
procedure was superior to that of the procedure emploj-ing profem P 
cipitation, since dilution was avoided. _ ndified 

The color reaction of Grote (2) was applied, under conditions m 
from those employed by Williams, Jandorf, and Kay (1), to Strafes 
mination of thiouracil in p-toluenesulfonic acid filtrates and 
of serum. Crete’s reagent has also been used by Danons' 
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Fig. 1. Variation with pH of the per cent of serum thiouracil which was uitra- 
filtrable. Thiouracil concentrations, S.3 to 5.45 mg. per 100 gm. of water. O serum 
from H. N. C., A serum from other normal donors. The Donnan effect upon the 
distribution of the anionic fraction of the thiouracil has not been considered. 



Fig, 2. a curve for the titration of thiouracil at an ionic strength of 0.16 
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THIOUR.ACIL 



Fig 3 V ■ ■ og./loo g. v»t!r 

- 3. Unation of uUrafiltrability of thiouracil ,vith concentration 

~ Methods Applied to Subjects Treated with Thiouracil 

I r : r : “ 


Subject No. 


279S4* 

279S4* 

7030* 

14092* 

H. N. C. 


Dosage 


Serum thiouracil 

[ Deproteiniaation by I 

^-tolueaesulfonic ) UUrafillratioa 
acid 


! 0-8 gm. per day 
O.S “ » <. 

O.S '■ “ » 

0.2 «. 

0-4 “ during previous 4 hrs. 

0.05 gm. 2 hrs. previouslyf 


mj. fier cfni 

0.5 

0.6 

0.37 

0.1 

0.60 

0.23t 



* Hyperthyroid patients. 
t6-PropyJthiouracil, supplied through the kindness of Dr. E. B. Ast«W- 

Chesley (4) for the determination of thiourea. To avoid the necesdfy 
recise p a justment and of electrometric pH measurements a 


H. N. CHniSTENSEN' 


429 


buffer was employed. Grote’s reagent was modified by controlling the 
temperature during preparation, and bj' incubating it with glycine in the 
barbital buffer before use. Under the conditions employed this modified 
reagent has several advantages; most of the color of Grote’s reagent was 
removed; the color with thiouracil developed more quickly and was deeper; 
the sensitivity of the color reaction to the presence of many substances 
was greatly reduced. The color formed by unmodified Grote’s reagent 
with thiouracil in slightly buffered or unbuffered solutions adjusted to 
pH 8 to 9 was increased by the presence of small amounts of numerous 
agents {e.g., glycine, glucose, ascorbic acid) and decreased by others {e.g., 
barbital, ammonia, or borate buffers). The modified reagent was suf- 
ficiently insensitive to such interference to permit determinations upon 
serum ultrafiltrates. A pH of 8.0 was selected for the color development 
as giving a useful compromise between rate of color development and 
depth and stability of the color under the conditions employed. 

EXPERIMENTAL 

Delerminalion of Thiouracil; hij Ullrafdtraiion through Cellophane — 
To 3 ml. of serum or plasma was added 0.15 ml. of 3 n hydrochloric acid 
with shaking and the mixture introduced into an ultrafilter. The ultra- 
filtration technique illustrated by Danowski (3) has been used as well as 
the Lavietes ultrafilter (5). The former permitted a number of simul- 
taneous filtrations; the latter was more convenient for occasional deter- 
minations. After filtering overnight, an aliquot (usually 2 ml.) of the 
ultrafiltrate was placed in a cuvette and sodium hydroxide added (about 
0.03 millie'quivalent per ml.) to bring the pH between 6 and 7, as indi- 
cated by a wide range indicator paper. Too high a pH resulted in tur- 
bidity. 'The color reagent was added as described below. The ultra- 
filtrate was diluted whenever the thiouracil level was above 1 or 2 mg. 
per cent 

By Deproteinization by p^Toluenesulfonic Acid — To 2 ml. of serum were 
added 6 ml. of water, and with good shaking, 2 ml. of 1 m p-toluenesulfonic 
acid. (This reagent solution was decolorized with norit in the course 
of its preparation.) After 20 minutes the solution was filtered through a 
7 cm. Whatman No. 2 paper. By means of a graduated 0.1 ml. pipette 
18 N sodium hydroxide was added to the filtrate until the pH fell between 
5 and 7.5, spicules of a vide range indicator paper held in a forceps being 
used to check the acidity. Between 0.07 and 0.08 ml. of alkali was needed. 
With constant filtration technique the amount was nearly constant and 
the adjustment was usually made with three trials or less. Too high a pH 
produced turbidity. 5 ml. of the filtrate were measured into a cuVette. 
Two suitable reference standards were made with 0.1 to 0.5 ml. of a thioura- 
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cil standard (1 mg. per ml.) and a 0.2 m solution of sodium p-toluene- 
sulfonate to make 5 ml. 6 ml. of nrater mere placed in another cuvette 
for a blank. 

Color Reagent; Grate's Reagent — 0.5 gm. each of sodium nitroprusside 
and hydroxylamine hydrochloride were dissolved in 10 ml. of water in 
a 50 ml. Erlenmeyer flask. 1 gm. of sodium bicarbonate was then added, 
and the flask rotated and placed in water at about 20° for 10 minutes. 
0.1 ml. of bromine was added, and the flask shaken and kept at 37° for 
20 minutes. Finally the solution was made to 25 ml. and stored at 5°. 

Buffer — 5.74 gm. of sodiiun barbital and 2.08 gm. of glycine were dis- 
solved in about 450 ml. of water. 11.7 milliequivalents of hydrochloric 
acid were added to obtain a pH of 8.0 and the solution made to 500 ml 
and stored at 5°. 

The color reagent was made by mixing the two foregoing in the pro- 
portions of 1 part of the Grote’s reagent and 9 parts of the buffer. The 
' solution was aged about 1 hour at room temperature, or 25 minutes at 
37° before use. The color passed from a purple-brown to a light yellow 
during this period. The rate of subsequent color development with 
thiouracil was increased, but the depth decreased by longer contact of 
the solutions. If the Grote’s reagent was prepared in more dilute solu- 
tion according to Chesley’s procedure (4), little or no color was produced 
with thiouracil, indicating that the constituents producmg color with 


thiourea and thiouracil are not identical. 

Color Development — To the aqueous solutions in the cuvettes 40 per cent 
of their volumes of the color reagent was added. The transmittances were 
read at 660 lOfi with a Coleman universal spectrophotometer, beginning 3 
minutes after the addition and at 2 or 3 minute intervals until the abso^- 
tions were maximum. Ultrafiltrates developed full color in 5 to 10 mu'' 
utes and then faded; other solutions developed maximum color in 8 to 
minutes-and showed slow fading. The rate of color development van 
somewhat from batch to batch of reagent and- with the room temperature. 
About seven cuvettes, including a blank, four unknorvn samples, and two 
standards, could be handled in a group. The plots of the log transmittance 
against concentration were nearly linear and passed close to the ongm. 
Reliance could not be placed upon standardizations unless cam ou 
amultaheously, although the variations in optical density were no a® ^ 
Danowski (3) reached a similar conclusion using Grote’s reagent or 


determination of thiourea. 

Turhidily — Correction for suspected turbidity in the somtions 
colorimetric measurement was made as follows: After the minunum 
mittance had been observed, a few crystals of chloramine-T were 
to each tube to eliminate the green color, and the contents sna ' 
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After 2 or 3 minutes the transmittanccs were observed again. Non-turbid 
solutions showed transmittances within 0.3 per cent of the blank. 

Table I records recoveries of thiouracil added to serum ultrafiltrates 
and recoveries of thiouracil added to serum, plasma, and blood and deter- 
mined by these two methods. Table II compares thiouracil analyses by 
the two methods applied to subjects treated with thiouracil. 

Electrometric titration of thiouracil was carried out upon a 0.0039 M 
solution, ^'^arious quantities of 0.1 n acid and alkali were added to ali- 
quots of this solution and the pH measured at 25° with a Cambridge 
Instrument Company laboratory model pH meter. Standard acetate 
buffer was taken to have a pH of 4.62. A titration carried out at an ionic 
strength of 0.16 is shown in Fig. 2. A single dissociating group \vith 
a pH of 7.74 at an ionic strength of 0.16 (7.78 in the absence of added 
sodium chloride) was obseiwed. 

Diffiisihility of Thiouracil 

Ultrafiltration was carried out anaerobically through cellophane ■with 
the La-vietes apparatus (5). Measured volumes of hydrochloric acid, 
water, and thiouracil solution were added to serum to produce a total 
dilution of 5 per cent. The pH was determined and the serum at once 
introduced into the ultrafilter. After 1 hour ultrafiltration was begun by 
raising one of the mercury bulbs. The filtrations were carried out at room 
temperature, which ranged from 20-25°. After 12 to 18 hours ultrafil- 
trates were analyzed by the procedure described above. In numerous 
cases the thiouracil and protein concentrations of the substrate were 
also measured to establish that thiouracil destruction was not measurable. 
Total serum proteins and albumin were determined by the method of 
Howe (6). 

On 20 days, included in a 25 day period, serum was obtained from one 
donor for the above experiment. The results upon this serum are 
given in Fig. 1. Analysis at about the midpoint of the series gave a 
protein content of 6.7, and an albumin content of 4.0 per cent. Several 
other serum protein values of 6.7 to 6.9 per cent were obtained during 
this period. The variations in ultrafiltrability of thiouracil ndth pH 
observed on this serum at thiouracil concentrations of 5.30 to 5.45 mg. 
per 100 gm. of water describe a fairly smooth cun'e (Fig. 1). Results 
ivith the sera of a number of other normal persons are also given in Fig. 1, 
each point representing the serum of a different individual. 

Binding of Thiouracil by Serum Albumin — Human serum albumin- v as 
dialyzed for 48 hours against running distilled water, then made up to a 

“ Fraction V of human serum proteins, kindly supplied by Dr. Lawrence Onclej , 
Department of Physical Chemistry, Harvard Medical School. 



432 


■DLTRAJILTKABILITY OF BEROTI THIOTJEACIIi 


concentration of 3 per cent, a pH of 7.55 at 25°, an ionic strength of 0.16 
(with sodium chloride), and a known thiouracil concentration. After 
being left 1 hour in the Lavietes ultrafilter, a portion of the solution was 
ultrafiltered and the ultrafiltrate analyzed for thiouracil. Such albumin 
solutions showed a behavior toward thiouracil similar to that of serum 
(Fig. 3) ; however, 3 per cent albumin solutions showe<l a higher concen- 
tration of groups binding thiouracil with a high affinity than sera con- 
taining (after 5 per cent dilution) 6.5 per cent protein and 3.8 per cent 
albumin. One of the possible explanations for this disparity is that serum 
might contain substances competing with thiouracil for the binding groups. 
In this connection cholemic sera (Table III) were observed in several 
cases to bind less thiouracil than normal sera. Uremic sera (non-protein 
nitrogen 172 and. 163 mg. per cent) resembled normal scra with regard to 
thiouracil binding. 


Table III 


Cholemic Serum and Thiouracil 


Patieat 

No. 

DiagnosU 

Iclenis 

index 

Albu- 

mins 

Globu- 

llns 

pfl of 
expen- 
stent, 
25* 

Thiouradlnltra* 

1 

Fousc 

Approxiaialf 
average for 
sor^ 
lubiecuat 

tnupH 

27760 

27787 

27787 

28522 

19830 

19830 

Cholecystitis 

Acute infectious hepatitis 
(( (( <( 

(( (( l( 

Thyrotoxicosis; subacute hepa- 
titis 

ti f* 

129 

58 
28 

59 
123 

110 

per 

tent 

1.7 
4.4 

4.2 
2.1 

1.8 

2.3 

per 

cent 

7.0 

3.6 

3.0 
3.2 

4.6 

3.5 

7.33 

7.65 

7,63 

7,57 

7,56 

7,21 

per 

tent 

50 

43 

24 

9.3 

32 

47 

per tent 

31 

15 

16 

18 

19 

35 


* Total thiouracil, 5.3 to 5.4 mg. per 100 gm. of water. 


DISCUSSION 

The extent to which thiouracil was ultrafiltrable appeared 
large changes in the range of pH encountered in human serum. ^ 

level of about 5 mg. per cent, the free thiouracil was neiirly ou 
fall of 0.2 pH unit and nearly halved by a rise of 0.2 pH 
acidosis or alkalosis might modify considerably the dynamics o ^ 
distribution and excretion. The relative increase ^ per 

decrease appeared to be particularly large in the range o 
cent, and less at lower concentrations. rpoorted tb® 

"WiUiams, Kay, and Jandorf (7) and Williams (8) h^^c 
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whole blood levels of thiouracil reached with various dosages of thiouracil, 
and have observed that higher dosages produced only slightly higher blood 
levels than were produced by dosages of 0.2 to 0.4 gm. per day. Levels 
higher than 5 or 6 mg. per cent were infrequent. The foregoing data 
suggest an e.xplanation for this finding: as the plasma thiouracil level 
increases and exceeds a critical level (which is determined by the concen- 
tration of groups binding thiouracil \vith a high affinity), there occurs a 
sudden increase in free thiouracil. Two effects limiting the concentration 
of circulating thiouracil may be expected: first, the uptake of thiouracil 
by tissue proteins will probably be increased; secondly, glomerular filtra- 
tion of thiouracil will be increased with a possible increase in renal excretion. 

The free plasma thiouracil probably represents the effective concentra- 
tion of thiouracil in so far as the crossing of the capillary membranes and 
the cell walls (to the thyroid and other tissues) of the glomerular mem- 
branes and of the placenta is concerned. Whether the ability of this 
drug to combine with proteins represents a disadvantage or is the origin 
of its activity is not known. 


SUSQIARY 

The distribution of thiouracil between serum and serum ultrafiltrates 
at varying concentration and pH has been studied. The diffusible portion 
ranged from about 100 per cent below pH 4 to about 5 per cent above pH 
7.8. With increasing thiouracil concentration the ultrafiltrable fraction 
of thiouracil increased in a fashion suggesting that two types of groups 
with differing affinities were involved in binding thiouracil. Serum 
albumin solutions showed a similar behavior, although a higher concen- 
tration of binding groups was shown. Cholemic serum in several instances 
showed unusually high proportions of diffusible thiouracil. 

An electrometric titration of thiouracil at 25° revealed a single dis- 
sociating group with a pK' of 7.74. 

Two analytical procedures for the determination of serum thiouracil 
are described, one utilizing ultrafiltration of acidified serum, the other 
deproteinization by p-toluenesulfonic acid. 
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THE INABILITY OF HUMAN OR BEEF GLOBIN TO SUPPORT 
NORMAL HEMATOPOIESIS IN THE RAT WITHOUT ADDED 
ISOLEUCINE* 

B V JAMES M. ORTEN’, JOSEPH E. BOURQUE, and ALINE UNDERHILL 

ORTEN 

(I'rom the Department of Physiological Chemistry, Wayne University College of 
ifcdicine, Detroit) 

(Received for publication, June 28, 1945) 

The fact that dried beef blood, added as the source of protein to an 
othenrise adequate synthetic diet, failed to support normal growth and 
hemoglobin regeneration in the rat has been demonstrated in earlier work 
in this laboratory (1, 2). The substitution of milk proteins for a part 
of the dried beef blood, on the other hand, permits good growth and the 
maintenance of normal hemoglobin fonnation, thus suggesting that the 
proteins of beef blood are of the “incomplete” type. Since whole blood 
contains a number of distinct proteins, it seemed necessary to investigate 
ne.\t the various isolated blood proteins for adequacy in supporting growth 
and hematopoiesis. The protein, globin, was selected first, since it is 
quantitatively the predominant protein of whole blood. 

Preliminaiy results (3) indicated that neither purified human nor beef 
globin was adequate for supporting a normal rate of growth or hemoglobin 
formation in the rat. After the globin-containing diet had been fed for 
4 to 0 weeks, a rapid decrease in body weight occurred, an anemia de- 
veloped, and death invariably resulted. 

While this investigation was in progress, a report of the amino acid 
composition of beef hemoglobin appeared (4), shon-ing that this protein 
contains a relatively small amount of isoleucine. Some time later two 
separate investigations (5, 6) demonstrated that hemoglobin or globin, 
fed as the source of protein in an adequate diet, failed to support growth 
in the rat, whereas the addition of isoleucine promptly resulted in a satis- 
factory increase in body weight. Preliminary results in this laboratory 
(3) confirmed this observation. 

The present investigation was designed to determine the effect of iso- 
leucine on hematopoiesis in anemic rats fed a synthetic diet containing 
purified human or beef globin as the protein. 

EXPERIMENTAL 

21 day-old male rats, weighing from 40 to 50 gm., of the Connecticut 
Agricultural Experiment Station strain were used. They were housed in 

* Aided by a grant from the Griffith Laboratories, Chicago, Illinois. 
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individual cages and fed a synthetic diet having the following per cent 
composition: purified human' or beef globih 19.6,* sucrose 10, dextrin 39.4, 
hydrogenated cottonseed oil 27, salt mixture (Wesson (7)) 4. The globin 
preparations were made by the method on Anson and Mirsky (8) . Control 
rats ivere fed the same synthetic diet, except that casein (22.5 per cent) 
■was used as the protein. All animals received the following ■vitamin 
supplements: daily, 200 mg. of ryzamin-B’ and 200 mg. of liver extract;* 
twice weekly, 3 drops of fortified haliver oil. 

Body ■weights were recorded weekly and hemoglobin determinations 
■were made biweekly on blood taken from a tail vein. A photoelectric 
acid-hematin method, which had been carefully checked with samples 
of known hemoglobin content (Oi capacity method), was used for obtaining 
hemoglobin values. 

After the rats had been fed the globin diet for 4 weeks, supplementation 
with isoleucine® was started. This interval was arbitrarily chosen, since 
it permitted sufificient time for the development of a distinct anemia but 
w'as not so long as to result in the complete loss by death of the animals. 
Isoleucine (dl-) was fed at a level of 100 mg. daily, an amount approxi- 
mately double that consumed in casein by the control rats. The doubly 
amount of isoleucine was used to allow' for the presence of the non-utihzed 
d isomer (9). The isoleucine w’as incorporated directly in the globin- 
containing synthetic diet. The amount of the diet allowed each rat daily 
was restricted to the average daily amount, found to be 1.4 gm., ingeste 
prior to supplementation. The purpose of the food restriction was to 
prevent a probable increase in food consumption following supplem® a^ 
tion, a circumstance which would have introduced undesired varia e.- 
in the experiment. . , 

Supplementation with isoleucine was continued for a 6 week pen 
and then discontinued. Weekly body weight and hemoglobin e^er 
minations were made during the period of supplementation and t en 
lowing isoleucine -withdrawal until the experiment was tennina 
the death of the animals. 

‘ Kindly supplied by Dr. N. S. Ferry and Dr. H. B. Devlin, Parke, Dav 

Company, Detroit. _ f s 0 per ce 

’ This amount furnished 18 per cent protein, allowing an average o 
moisture and ash found in the globin preparations employed. Aooreciati' 

> Burroughs, Wellcome and Company, Inc., Tuckahoe, New York. P 
is expressed to Mr. C. M. Cypher for supplying a portion of giein f 

‘ Wilson’s liver fraction B. Appreciation is expressed to Dr. Daw 
a generous supply of this material. _ , pf_ D. i 

‘ dl-Isoleucine, Merck and Company. Appreciation is expresse 
Robertson for supplying this substance. 
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Rcsulls 

The average body weights, at biweeldy intervals, of the control and 
globin-fed groups of rats are given in Table I. It is evident that the 
control rats grew at the rapid rate characteristic of the strain used, whereas 
the animals fed either human or beef globin lost weight Death occurred 
in all of these rats, not given isoleucine supplementation, within 6 weeks. 
The group average hemoglobin values, with minimum and maximum 
values obtained on indi\ddual rats, are given in Table II. The normal 


Table I 

Aleragc Body IPciffAia of Control Rats and of Rats Fed Human or Beef Gloiin 


Protein fed (18 per cent le\el) 

1 Initial No 
of rftta 

Body weight 

0 wk 

2 wks 

4 wks 

6 wks 



gm 

gm 

gm 

gm 

Casein, 

12 

42 

124 

193 

297 

Human globin 

40 

43 

35 

32 

28 

Beef “ 

10 1 

1 

44 

37 

33 

1 


Table II 

Hemoglobin Content of Blood of Control Rats and of Rats Fed Human or Beef Globin 


Protein fed 

w 

2 

o 

ri 


Hemoglobin* 




0 wk 

2 wks 

4 wks 

6 wks 

Casein 

12 

gm per cent 

10 8 (9 2-13 3) 

gm per cent 

13 6 (9 2-14 3) 

gm per cent 

13 7 (11 4r-H 9) 

gm per cent 

14 8 (13 3-15 8) 

Human 

globin 

i 

11 3 (9 1-14 6) 

13 4 (5 7-16 8) 

9 3 (3 0-13 6) 

3 2 

Beef globm 

i 

12 1 (8 8-14 2) 

13 1 (9 4-16 0) 

9 4 (2 4-12 3) 



* Group averages, with minimum and maximum values on individual rats. 


increase in hemoglobin tvith age (10) was found in the control rats, while 
a distinct anemia developed in both groups of globin-fed animals The 
anemia usually became severe before the death of the animal 
Hemoglobm values for the control rats and for the globin-fed rats given 
isoleucine are given in Table III. The values for the control rats in- 
creased somewhat as the experiment progressed until a normal mature 
level was attained (10) Isoleucme supplementation was followed in 
every animal, fed either human or beef globin, by a steady rise in hemo- 
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'ata obtained on one surviving rat. 
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globin concentration and a nonnal adult value was attained within 4 
weeks. Tliis level was maintained during the remainder of the (i Aveek 
period. 

Tlie withdrawal of isoleucinc was followed by a gradual, consistent 
decrease in hemoglobin values. Mild to severe anemia developed in the 
animals, severe anemia usuall 3 ' preceding the death of the animal, as 
before. Death of all rats occurred within 3 to 8 weeks after isoleucine 
supplementation was discontinued. 

The bodj' weights (data not included) of the globin-fed rats showed a 
slight gradual increase following isoleucine supplementation. As would 
be expected, the increase was small (the average weight increase was 8 gm. 
in 6 weeks) because of the restriction of food intake. Follomng isoleucine 
wthdrawal there was a gradual decrease in bod}' weight until the death 
of the animal occurred. 


DISCU.S.SION 

The present observations offer evidence that neither human nor beef 
globin fed as the sole source of protein in an otherwise adciiuate diet will 
support normal hematopoiesis in the rat, but that supplementation with 
isoleucine is required. This finding adds another example of an “in- 
complete protein” failing to promote normal hemoglobin formation. 
The feeding of deaminized casein produces an anemia in the rat unless 
lysine is added (11). A quantitative lack of protein is also known to 
produce a mild chronic anemia in the rat (12, 13). 

The present work also adds isoleucine to the list of amino acids now 
known to be essential for hemoglobin formation, the others being Ij'sine 
(11) and tryptophane fW). 

The finding that isoleucine is needed for hemoglobin fomiation in the 
rat raises an interesting question. Either the globin of rat hemoglobin, 
unlike that of human or beef hemoglobin, contains isoleucine or the preseiit 
data demonstrate the need of an amino acid (isoleucine) for the synthesis 
of a protein deficient in the amino acid in question. Such a circumstance 
would suggest that hemoglobin may be synthesized in the rat by nay of 
an as- yet unidentified intermediate which contains isoleucinc. This 
possibility merits further careful investigation. 

The results of the present investigation maj' seem at variance n ith the 
observations of Whipple and his associates (15) that hemoglobin (or glo- 
bin) is well utilized for the formation of new hemoglobin in the hemor- 
rhagic anemia of the dog. However, it must be remembeied that a 
different experimental procedure and a different species of anima 
employed in the study in question than in the present one. Also, it is 
possible that isoleucine may have been derived from the dog s onn tissue 
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protein, since a loss of weight occurred in the dogs in the investigation 
under discussion. 

Another point upon which the results of the present study may have 
a bearing is in the use of globin preparations as a blood substitute (16). 
The present data indicate that globin, while it may have temporary value 
as a blood substitute, probably could not be relied upon over any protracted 
period to furnish the amino acids needed for hemoglobin or other body 
protein formation unless it is supplemented with isoleiicine. 

STJMMAEY 

Purified human or beef globin fails to support growth and normal hemo- 
globin formation in the rat. 

Supplementation of either type of globin with isoleucine, all other 
known dietary factors remaining unaltered, results in the maintenance 
of a normal concentration of hemoglobin in the blood. 

The subsequent removal of isoleucine is followed by the development 
of a mild to severe anemia and death of the animal. 

These observations indicate that isoleucine is needed for normal hema- 
topoiesis in the rat. 
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THE UTHilZATION OF rf-AMINO ACH)S BY MAN* 

V. HISTIDINE 

Br ANTHONY A. ALBANESE.f JANE E. FRANKSTON, and VIRGINIA IRBY 

{From the Department of Pediatrics, The Johns Hopkins University and the Harriet 
Lane Home of the Johns Hopkins Hospital, Baltimore) 

(Received for publication, May 14, 1945) 

"Hie recent findings (1, 2) that K-)-histidine is not required for the 
maintenance of nitrogen balance in man prompted us to investigate the 
metabolic fate of (i(+)-histidine in the human. The excretion procedure 
wluch we have previously employed (3) for determining the degree of 
utilization of d-amino acids seemed uniquely suited in this instance in 
which the nitrogen balance technique would not be effective. Five feeding 
experiments showed that within 9 hours of the administration of 0.01 
mole of dZ-histidine • HCl • H 2 O (equivalent to 775 mg. of d(+)-histidine) 
692 ± 35 mg. more histidine were excreted in the urine than after the 
feeding of 0.01 mole of Z(— ) -histidine -HCl-HjO. This difference in 
histidine output which is equivalent to 89.2 ± 4.5 per cent of the d form 
ingested and the fiunding that on isolation this excess histidine proved to 
be of the d configuration suggest that d(-f-)-histidine is poorly or not at all 
utilized by man. 

The analytic procedure for the colorimetric estimation of histidine in 
the urine which was developed for this work is described in detail. 

EXPERIMENTAL 

Preparation of dl-Hislidine Monohydrochloride Monohydrate — ^The rac- 
emate was prepared by a modification of the procedure of Bergmann and 
Zervas (4) from Z(— ) -histidine -HCI-HjO, Merck, containing 20.02 per 
cent N by micro-Kjeldahl analysis (5) and having a specific rotation* of 
Wd'* (1.52 gm. in 100 cc. of 1 n HCl) = 4-8.10°. A mixture of 21.0 gm. 
(approximately 0.1 mole) of Z(— )-histidine-HCl-H20, Merck, 50 cc. of 
glacial acetic acid, and 13.5 cc. of acetic anhydride was heated on the 
steam bath for 2 hours. The excess of acetic acid was then removed by 

• The work described in this report was supported by grants from the Rockefeller 
Foundation and the Nutrition Foundation, Inc. Partial support was also derived 
under a contract, recommended by the Committee on Medical Research, between 
the Office of Scientific Research and Development and New York University. 

t Present address, Children's Medical Service, Bellevue Hospital, New York. 

* In aqueous solution ^'histidine is levorotatory and d-histidine is de.xtrorotatory. 
When these compounds are dissolved in HCl, the respective rotations are reversed. 
To avoid confusion naturally occurring histidine will be referred to as the /(—) isomer 
and the unnatural as the d(+) isomer. 
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concentration of the reaction mixture in vaaio to a thick ^'rup three times 
successively', after the addition of water. The final product was dfeolved 
in 100 cc. of G X HCl and hydrolyzed by boiling under a reflux in an all- 
glass apparatus for 20 hours. Tlic excess of hydrochloric acid of this 
solution was removed hj' three evaporations in vacuo following 50 cc. 
additions of water, llie final syrup was dissolveti in 50 cc. of 93 per cent 
ethanol and the monohydrochloiidc was precipitated from solution by the 
gradual addition of a 1:1 mixture of pyridine and ethanol. After 72 
hours of rcfrigcration the cnide ciystalline product was collected on a 
small Buchner funnel and was purified by two recrystallizations from 
water and alcohol (1:2 volumes). Tlic refined substance weighed 12.0 
gm., contained 20.03 per cent K, and was optically inactive in aqueous or 
1 X HCl solution. 

Cohritnclric Estimation of Histidine in Urine — A careful axperimenfal 
sun-ey of the available methods for the determination of urinary histidine 
led us to the development of a procedure based on the intensity of the 
led color produced in the urine sample by the Pauly diazo test (6) foUoinng 
the destruction of the interfering phenols by tlie Kapeller-Adler per- 
manganate reaction (7). Recovery' tests with urine specimens and protein 
hydrolysates have shown that the technique is suitable for accurate ana- 
lytical work. 

Reagents — 

Sulfanilic acid reagent. 2.5 gm, of sulfanilic acid were dissolved m 
25 cc. of concentrated hy'drochloric acid and 200 cc. of water by heating 
and stirring. The solution was then cooled and the volume adjusted to 
500 cc. 

Sodirtm carbonate, 20 per cent solution. 

Rodiim nitrite, 2 per cent solution. . , . 

Potassium permanganate reagent. 1.58 gm, of the salt were dissolv m 
100 cc. of 0.1 N sulfuric acid. 

Sulfuric acid, 0.2 x solution. .„q 2 

Histidine standard stock. 13.5 mg. of f(— ) -histidine -HCl- | • 
per cent N found) were dissolved in 200 cc. of water. 1 cc. of this so u 
is equivalent to 0.05 mg. of histidine. 

Procedure 

To 1 cc. of urine sample usually' prepared by a 1:5 dilution 
human urine in a 10 cc, graduated IHett-Summefsou photoelnc ” ggnate 
imeter tube i.s added 1 cc. of 0.2 x sulfuric acid. rose 

reagent is added dropwise to this sample with shaking unti n 
persists. Tliis is followed by' the addition in succession of oc. 

= Jlerck resRcnts wore used tUrouRliout. 
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nitrite solution and 1 cc. of sulfanilic acid reagent. After 5 minutes, 1 
cc. of sodium carbonate is added to the reaction mixture which 2 minutes 
later is made to the 10 cc. mark with water. The resulting color is read 
Anthin 15 minutes in the Klett-Summerson photoelectric colorimeter with 
Filter S-^ and compared with that of 1 cc. of histidine standard similarly 
treated. The amount of histidine in the sample can also be estimated 
from a pre^^ousl 3 ’■ prepared calibration cun’c. 

Results 

The suitability of the procedure was determined by submitting varying 
amounts of histidine standard to the diazo reaction before and after treat- 



HiaiCRAMS or HISTIBINt, TYROSINC.OR PHCNOL 

Fig. 1. Relation of color intensity to amount of liistidinc, tyrosine, or phenol. 
Each point represents the average value of ten determinations. The lines were 
drawn from computation of the data by tlic method of least squares. 

ment with acid pennanganate reagent. The results of these experiments 
together with those on phenol and tyrosine solutions after the perman- 
ganate reaction are shown in Fig. 1. It is evident from the coincidence 
of the histidine tests that histidine itself is not oxidized by this reagent, 
whereas the interference from phenol and tyrosine is nullified bj’’ this 
reaction. Also the linear relationship of the color intensitj"^ to the amount 
of histidine is interpreted as evidence of the validity of Beer’s law for the 
color reaction. 

The applicability of the test to the estimations of histidine in human 
urine and pi’otein digests is demonstrated by the recoveiy test data .shown 
in 'I'able I. Quite apart from the immediate object of this paper, it is of 
interest to note that, although the hi.stidinc N of total N values found b.v 
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this technique are somewhat higher than the 5.36 per cent for casein and 
1.14 for gelatin previously found by one of us employing the electrolytic 
method (8), they fall in the range reported by others (9). Analyses of 24 
hour urine specimens of 50 normal adult males (60 to 110 kilos) on normal 
diets by this procedure have shown the daily histidine output to vary 
from 180 to 760 mg. Tliis represents an excretion of 0.09 to 0.58 mg. of 
histidine per cc. of urine, which falls within the range 0.09 to 1.02 mg. of 
histidine per cc, of urine found by Langley (10) and the range 0.06 to 0.76 
mg. of histidine per cc. of urine reported by Racker (11). It is also to be 
noted that the individual human histidine output shows marked diurnal 
variation and that histidine is excreted by the human in much larger 
amounts than are the other amino acids (12). 


Table I 

Recovery of Histidine Added to Urine and Protein Hydrolysates 


Snapltf 

Histidine 

added 

Histidine 

fciund 

Kecovcw 
of added 
histidue 

His tiduie 
Noi 
total N 


ms. 


pgr cent 

per cent 

Urine A, 0.2 cc . 

0 

0.0154 



" 0.2 “ . 

0.05 

0.0655 

100.1 


“ B, 0.2 “ 

0 

0.0468 



" “ 0.2 “ . ... 

0.025 

0.0720 

100.3 

5.3 

Amigea, 0.102 mg. N per cc. . . 

0 

0.019S 


Urine C, 0.2 cc 

0 

0.0165 

99.5 


" “ 0.2 “ 4- amigeu, 0.102 mg. N 

0.0198 

0.0362 

6.8 

Casein, Harris, HCI digest, 45.4 mg. N per cc.* 

0 

0.0391 

100.0 

f( t( *r tt ^ ft <t 

0.05 

0.0S91 

1.6 

Gelatin, U. S. P., HCl digest, 73.4 mg N per cc.* 

0 

0.0168 

99.4 

II II II II II II ^ II II (t (t 

0.05 

0.0665 




* 1 cc. of 1:250 dilution used for this analysis. 


Human Experiments 

Three subjects were given by mouth 0.01 mole (2.1 gm.) ofKj")" ® 
dl-histidine ■ HCl • HiO dissolved in 240 cc. of water following the 
of the zero hour specimen which was collected 2 hours after a lig t g 
fast. 120 cc. of water were also given at the end of each of the 
hours of the experimental period. The urines were then 
after zero time and all collections analyzed for histidine.^ fed. 

experiments were similarly performed except that no histidine w 
Moreover, since the ingestion of food did not seem to affect 
output of histidine, the fast was maintained for the first 3 hours o 

periments only. , histidine 

The effect of the administration of the histidine isomer® on 
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level in the urine is shouTi in Fig. 2. A tabulation of the data from four 
otlrer e-xperiments is shown in Table II. It will be noted from these data 
that the ingestion of 2.1 gm. of Z(— )-histidine produces only a slight in- 
crease over the normal histidine output, whereas the feeding of the racemate 
results in a 10-fold or greater increment of the normal histidine output. 
In order to ascertain the approximate amount of urinary histidine arising 
from the ingestion of the d(+) variety, it seemed reasonable to subtract 
the total histidine output for the 9 hour period following the administration 



Fig. 2. Urinary output of histidine of Subject A, after administration of 0.01 mole 
(2.1 gm.) of l(+)- and df-histidine-HCl-HjO. The solid line indicates e.xcretion 
after ingestion of the dl form, the broken line after ingestion of the I isomer, and the 
dotted line normal output. Meals 1 and 2 had approximately the same composition 
in all experiments. 

of the naturally occurring variety from the histidine output of the 9 hour 
interval following the ingestion of the racemate. The values so obtained 
are listed under the heading (b) — (a) in Table II. Calculations made from 
these data reveal that 81.5 to 97.2 per cent of the 775 mg. of d(-l-) -histidine 
which are contained in the 2.1 gm. of the ingeSted dZ-histidine-HCl-HjO 
is excreted within 9 hours after administration. This indicates that 
d(-l-) -histidine is poorly or not utilized at all by man. 

Isolation of d{-\-)-Histidine from Human Urine after Administration of 
dl-Histidine — ^To 1280 cc. of pooled urine which was collected in the 6 hour 
period after administration of 0.01 mole of dJ-histidine-HCl-HjO to tfvo 
subjects and found to contain 913 mg. of histidine by colorimetric analysis 
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Mere added ivith vigorous stirring 04 gm. of finely powdered mercuric 
chloride (5 gm. per 100 ec.). On adjusting the solution reaction to pH 
5 to 6 M itli 20 per cent sodium carbonate a heavy white precipitate formed 
which was filtered off by suction after 1 hour. This precipitate was 
dissolved in 150 cc. of 1 n HCl and the mercury salt was decomposed by 
saturation of the solution -with HiS. After clarification vrith norit A, 
analyses showed that the filtrate from this procedure contained 865 mg. 
of histidine or 95 per cent of that originally present. The excess of hydro- 
chloric acid of this solution was removed by three evaporations in vacuo 
folloM’ing additions of ivater. The final syrup was then dissolved in 25 cc. 
of 95 per cent ethanol and the histidine monohydrochloride ivas precipitated 
from solution by the slow addition of a 1 ; 1 mixture of pyridine and ethanol. 
After 24 hours of refrigeration the crude crystalline product was collected 

Table II 

Total Urinary Hislitlinc for 9 Hour Period following Ailminisiralion of 0.1 Mote of 

)- or dl-Hi.itidine 


2.1 gm. of the hydrated histidine chloride (equivalent to 1.55 gm. of histidine) 
were fed in each experiment. 


Subject, sex, and body weight 

1 

1 

Normal | 
hUtidme : 

HUtidlne output after 
adminbtration of 
isomers 

(H - (o) 

Recov/ry 
to uruie 
cl i lom 
(td 



V)’ 

it 

W 



mg. 

mg. 

ms. 

mj. 

per cent 

A, male, 70 kilos 

87 

93 

846 

753 

97.2 

“ “ 70 “ . 

75 

103 


701 

msm 

F, female, 60 kilos 

51 

96 

727 

631 

81.6 

I, “ 65 “ . 

63 

119 


682 

mm 


on a micro Buchner filter and was purified by two successive recrystalhza- 
tions effected by dissolving the product in 10 cc. of hot water and precipit^' 
tion from the hot solution by the gradual addition of 20 cc. of 95 per cen 
ethanol. The refined product tveighed 004 mg. tvhich on characterization 
by the histidine content (446 mg.) as determined by our colorimetric pro 
cedure, the nitrogen content, and the optical activity in 1 N HCI solution 
gave evidence of its identity with (i(-l-)-histidine-HCl-HiO. 

CdhX,02-HCl-If.O. Calculated, C,U,X;0. 73.0; found, 73.7 
“ N 20.04; found, 20.00 

Cox and Hcrg (13), [alo = — S.25°; found, —8 35° 

These results clearly point to the conclusion that the excess^ of 
histidine resulting from the administration of the racemate is o 
variety. 
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Comment 

Althougli d and I forms of histidine have been reported to be equally 
effective in promoting growth in mice (14) and rats (13), data obtained 
from excretion experiments suggest that the d variety is poorly utilized 
by guinea pigs (15), rabbits (16), and dogs (17). The present studies 
indicate that the d component of orall 3 ’- administered dl-histidine is poorly 
metabolized or not metabolized at all bj' man. This finding seems to us 
remarkable in view of the obser\mtions that !(—) -histidine is not a dietary 
essential for the maintenance of the. N balance in adult man. In this 
connection, we also wish to note that none of the urines collected after 
administration of Z(— )- or dl-histidine gave the atypical green color with 
the indican test which we reported to occur noth the urines of adult human 
males on a histidine-deficient diet (2). 

SUMMARY 

It has been found that within 9 hours after administration of rfl-histidine 
to adult humans a total excess of urinary histidine is excreted which is 
approximatelj’' equal to the amount of d component so ingested. This 
observation and the optical activity of an isolated fraction of this excess 
histidine suggest that d(-}-)-histidine is poorly utilized by man. 
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THE DETERMINATION OF OXYBIOTIN IN THE 
PRESENCE OF BIOTIN* 

Br ICLAUS HOFMANN and THEODORE WINNICK 
(From the Department of Chemistry, University of Pittsburgh, Pittsburgh) 
(Received for publication, July 16, 1945) 

The biological activity of oxybiotin (1, 2) and of an apparently similar 
substance (3) has been recently described. Prior to these reports the only 
compound possessing yeast growth activity comparable to that of biotin 
was desthiobiotin (4), which exerts its biological activity by virtue of the 
fact that it is converted into biotin by the yeast cell (5, 6). 

It was of importance to determine whether oxybiotin is likewise trans- 
formed into biotin by microorganisms or whether it has intrinsic activity. 
In order to investigate this point, an assay procedure was needed for the 
determination of o.xybiotin in the presence of biotin. 

Since all of the organisms tested so far are stimulated by oxybiotin, it 
appeared unlikely that an organism could be found readily which would not 
respond to the oxygen analogue and thus provide the basis for a microbio- 
logical differential assay. A chemical method was therefore developed 
which is based on the different behavior of ethers and thio ethers toward 
oxidizing agents. 

It has been shown previously that potassium permanganate oxidizes 
biotin to the corresponding sulfone (7). This latter substance has a low 
degree of biotin activity in the presence of aspartic acid, and is inactive when 
this amino acid is not included in the medium (8). Oxybiotin could be 
expected to be stable toward dilute permanganate. It has now been ob- 
served that dilute potassium permanganate inactivates biotin completely 
in pure solution, as well as in extracts or hydrolysates of biological materials, 
while oxybiotin is virtually unaffected by such treatment. Microbiological 
assay of permanganate-treated materials makes it possible to determine 
their oxybiotin content. By the use of an assay procedure, based on the 
foregoing considerations, it has been demonstrated that Saccharomyces 
cerevistae and Rhizobium (rifolii utilize the oxybiotin molecule as such, and 
do not transform it into biotin. 

EXPERIMENTAL 

Action of Potassium Permanganate upon Pure Solutions of Biotin and 
Oxybiotin — In developing the present assay method, a study was made of 

• Contribution No. 570 from the Department of Chemistry, University of Pitts- 
burgh. The generous support of the Buhl Foundation and of Hoffmann-La Roche, 
Inc., in this study is acknowledged. 
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DETERMINATION OP OXVBIOTIN 


the stability of biotin and oxybiotin toward dilute potassium permanganate 
solutions. 10 ml. of a solution containing 1.0 millimicrogram of rf-biotin, 
or 4.0 millimicrograms of di-oxybiotin, were treated for 5 to 10 minutes at 
room temperature \dth 10 ml. of a 0.01 n solution of potassium permanga- 
nate. The excess of the peimanganatc rvas decolorized by the careful 
addition of 0.1 m sodium sulfite, and the solution diluted to 100 ml. with 
distilled water and assayed by the Hertz (9) modification of the yeast 
growth method of Snell, Eakin, and Williams (10). 

As may be seen in Fig. 1, the biotin activity is completely destroyed by 
permanganate, while oxy^biotin suffers only a slight inactivation by this 
treatment. 

Recovery of Biolin and Oxijbiotin Added to Commercial Ycasl Autolysate— 
In order to extend the above result to biological materials, experiments 



Fig. 1. Yeast growth curves obtained with untreated and with permanganate 
treated biotin and oxybiotin solutions. 


were conducted in which known amounts of d-biotin and df-oxybiotin u ere 
added to a commercial yeast preparation (Difeo autolyzed yeast), and t e 
amounts of added growth promoter determined. 

A knowm amount of dZ-oxybiotin was added to a suspension of 0.6 gm. 
of Difeo autolyzed yeast in lO ml. of distilled -water. 5 ml. of 9 ^ s^l uric 
acid were then added, and the mixture was autoclaved for 90 minutes a 
pounds pressure. The resulting hydrolysate was washed into a grac ua 
50 ml. centrifuge tube, and made up to 50 ml. with distilled watei. 
cell ddbris was sedimented by a short centrifugation, and a 5 ml. 
the clear supernatant was withdrawn and diluted to either 50 or 
with distilled water, depending upon the concentration of gro'vj ' ' 

10 ml. of this solution were treated with 0.01 n peimanganato^o oa^ 

0.1 M sodium sulfite as de.scriiied in the preceding section. TJie p 
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adjusted to approximately pH 4.0 bj' the addition of 0.5 n potassium hy- 
droxide. The solution was made up to 100 ml. M-ith distilled water, and 
assaj'ed microbiologicallj’^ (9). Throughout this paper, the amounts of 
o.xj'biotin arc expressed in terms of the dl form, based upon a standard 
df-ox'ybiotin growTh curve. 

Table I shows that the biotin added to a yeast sample is quantitatively 
recovered. Treatment of such samples with potassium permanganate re- 
sults in a complete inactivation. Oxybiotin, on the other hand, is not 
significantly inactivated, and the growth-promoting activity of permanga- 
nate-treated samples of biological materials appears to be representative of 
their oxybiotin content. 

Nature of Growth Factor in Organisms Grown in Media Containing Biotin 
and Oxybiotin — It was of interest to grow microorganisms in culture media 


Table I 

Recovery of Biotin and Oxybiotin Added to Difeo Autolyzed Yeast 
The results are given in millimicrograms. 


Biotin content of 
Difeo ye&st 
sample 

Growth factor added 

Total biotin 
found 

Growth factor 
found after 
KMnOi treatment 

Recover^' of added 
growth factor 

385 

430 d-Biotin 

i 

840 

0 

per cent 

103 

385 

1800 df-O.xybiotin 

* 

1810 

100 

485 

430 d-Biotin 

970 

0 

106 

485 

1500 df -Oxybiotin 

« 

1 

1400 

93 


* Because of the difference in the shapes of the yeast growth curves, an e.xact 
determination of biotin in the presence of oxybiotin is not possible. 


containing either biotin, oxybiotin, or desthiobiotin, and subsequently to 
determine the character of the growth factor present within the cells. 

Saccharomyces cerevisiae was growm in 500 ml. portions of nutrient me- 
dium (9) containing the amounts of gron'th promoter specified in Table II. 
Following an incubation period of 2 days at 37°, each crop of yeast cells was 
collected by centrifugation and washed several times by resuspension in 
distilled water and recentrifugation. The washed j’^east cells were sus- 
pended in 20 ml. of water, and a 10 ml. aliquot was used for hydrolysis (Math 
5 ml. of 9 n sulfuric acid). Aliquots of the remaining yeast suspension were 
dried to constant weight in vacuo to determine their diy weight. A yield of 
appro.ximately 1 gm. of dry yeast was obtained from 500 ml. of medium. In 
similar experiments, Rhizohium trifolii was grouai in 500 ml. of medium (11) 
at 28° for 12 da5’-s. The yields were approximately 0.2 gm. of dry cells. 
The latter were hydrolyzed with proportionally .smaller amounts of .3 N 
sulfuric acid, and as.sayed by the above method. 
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DETERMINATION OF OXYBIOTIN 


Table II summarizes the results which were obtained with the hydroly- 
sates. 

It is seen that ivuth varying levels of d-biotin in the nutrient medium 
(Experiments 1 to 3) the growth factor stored in the yeast cells is completely 
destroyed by the permanganate treatment. The turbidity readings in the 
bioassays were not significantly different from the blank readings. Similar 
results were obtained with yeast grown in a medium containing desthio- 
biotin (Experiment 4). 

With yeast groivn in the presence of dl-o.xybiotin (Experiments 5 to 7) 
the growth-stimulating activity is almost the same for the untreated and for 
the potassium permanganate-treated hydrolysates. 


Table II 

Biotin and Oxybiotin Content of Yeast and Rhizobium Cells Grown in 
Diferenl Media 


Ixperi- 

V 




Growth factor per gm. 
dry cells 

Organism grovm 

Urowut factor adocd to ^00 
mK medium 

Pennanga- 
nate treat- 
mrol 
omitted 

Following 
pennanga* 
cate treat- 
ment 

1 

Saccharomyces cerevisiae 

y 

0.5 

d-Biotin 

Y 

0.24 

7 

0 

2 

tt (( 

2.0 

« 


0 

3 

(t a 

2.5 

(( 

1.15 

0 

4 

(( tt 

5.0 

dt-Desthiobiotin 

1.5 

0 

5 

n n 

5.0 

dt-Oxybiotin 

2.5 

2.4 

6 

it i< 

30 

(( 

4.2S 

3.8 

7 

(< (( 

0.5 

(( 

0.42 

0.42 

8 

Rhizobium trifolii 

1.0 

d-Biotin 

0.35 

0.01 

9 

if tt 

5.0 

di-Oxybiotin 

0.90 

0.80 


The results for Rhizobium trifolii cells grown with biotin and oxybiotin 
(Experiments 8 and 9) are similar to those obtained with yeast. 


DISCUSSION 

The finding that permanganate destroys the biotin activity of cells grow 
in media containing biotin indicates that these cells contain no oxybiotin- 
In the case of yeast grown ivith desthiobiotin, there is ample evidence 
(5, 6) that the cells convert this substance into biotin. Our observation^ 
that the growth factor in these cells (grown with desthiobiotin) is destroj e 
by permanganate agree with previous conclusions. , 

The fact that the activities of the untreated and permanganate- 
hydrolysates are essentially equal when Saccharomyces cerevistae 
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RMzdbium Irifolii are g^o^\^l in the presence of oxybiotin indicates that 
oxybiotin is the factor present within the cells of these microorganisms. 

It is eiddcnt that the yeast cells can reintroduce the sulfur atom into the 
desthiobiotin structure. However, the oxybiotin molecule is active as 
such, without transformation into biotin. These experiments are the first 
demonstration that the sulfur atom in biotin is not essential for the growth- 
promoting activity of this compound in Saccharomyces cerevisiae and 
Rhizohium irifolii. 

Furthermore, it may be pointed out that the biotin-ojg^biotin relation- 
ship is the first observed instance in which an atom in the ring structure of 
a natural nutrilite has been replaced without si gnifi cantly affecting its 
biological activity. 

The authors thank Miss Lola Ward for technical assistance. 

smauRY 

A procedure has been developed for the determination of oxybiotin in 
biological materials. The method is based upon the destruction of biotin 
by dilute potassium permanganate solution, and the stability of oxybiotin 
toward this reagent. The yeast growth-stimulating activity of acid hy- 
drolysates of tissues or microorganisms following treatment with permanga- 
nate appears to be representative of their oxybiotin content. 

This new method has been used to demonstrate that Saccharomyces 
cerevisiae and Rhizohium irifolii grown in the presence of oxybiotin utilize 
this compound as such, and do not convert it into biotin. These results are 
the first demonstration that the sulfur atom is not essential for the biological 
activity of biotin. 
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DESTHIOBIOTIN IN THE BIOSYNTHESIS OF BIOTIN* 

By E. L. TATUMt 

(From the School oj Biological Sciences, Stanford University, California) 
(Bcceived /or publication, July 23, 19/5) 

Recent studies on the biotin requirements of a number of microorganisms 
have shown that they can be divided into two classes with respect to their 
utilization of desthioliiotin. One group, typified by Saccharomyces cerevi- 
siae (1) and including Neurospora and certain other fungi (2), needs for 
growth either dcsthiobiotin or biotin. The activity of desthiobiotin for 
Saccharomyces cercvisiac has been shown to be associated udth its in vitro 
conversion to biotin (3). It seems likely that this conversion occurs in the 
other oi'ganisms of this group.* The other group, t 3 'pified by Lactobacillus 
casei (1) and including certain other bacteria and fungi (2), is unable to 
grow with desthiobiotin, presumably since this substance cannot be con- 
verted to biotin b)' these organisms. These observations suggest that 
desthiobiotin is a normal intermediate in the biosynthesis of biotin (4). 

The evidence reported in this paper indicates that an x-ray-produced 
mutant strain of Penicillinm chrysogenum, strain 62078, synthesizes desthio- 
biotin but cannot convert it to biotin, and that as a result it requires biotin 
for growth. In addition, the r61e of pimelic acid in the biosynthesis of 
biotin (5, 6) has been confirmed by the demonstration that pimelic acid 
increases the production of desthiobiotin by this strain approximately 10- 
fold. This evidence strongly supports the hypothesis that desthiobiotin is 
a normal intermediate in the biosynthesis of biotin. 

EXPERIMENTAL 

The following biotin-requiring microorganisms have been used: Neuro- 
spora a-assa lA, Escherichia coli, strain 58 (7), Penicillium nolatum, strain 
21464, and Penicillium chrysogenum, strain 62078.^ Neurospora was grown 
in the medium described by Horowitz and Beadle (8), Esehenchia coli in 
the medium given by Gray and Tatum (7), and the Penicillia in the 
Czapek-Dox medium. 

*This work was supported in part by grants from the Rockefeller Foundation. 
Tile mutant strains of Penicillium were obtained in connection with work done under 
the Office of Production Research and Development, War Production Board, Con- 
tract 169. 

t Present address, Osborn Botanical Laboratory, Yale University, New Haven, 
Connecticut. 

* Direct evidence of this conversion has recently been reported by L. H. Leonian 
and V. G. Lilly (J. Bad., 49, 291 (1945)). 

>Bonner, D., Beadle, G. W., and Mitchell, H. K., unpublished. 
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DESTHIOBIOTIN IN BIOTIN SYNTHESIS 


The specificities of the biotin requirements of these cultures were deter- 
mined with samples of desthiobiotin, biotin diaminocarboxjdic acid, des- 
thiobiotin diaminocarboxylic acid, and biotin sulfone obtained through the 
courtes}’' of Dr. Vincent du Vigneaud. The results of these tests showed 
that Ncitrospora crassa used desthiobiotin for growth just as well as biotin. 
Escherichia colt 5S responded somewhat more slowly to desthiobiotin, but 
the activities of the two substances were the same after 63 hours incubation. 
The other compoimds had activities for both organisms of less than 0.01 



Fro. 1. The responses of PcniciUium mutant strains to biotin and to desthiobiotin 


per cent of that of biotin. Biotin sulfone inhibited the activity of biotin 
and desthiobiotin for both Ncurospora crassa and Escherichia coU 58, "a 
inhibition ratios (9) of about 1000. 

The results of tests of the two biotin-requiring mutant strains of Pent 
ciUia are given in Fig. 1. Strain 21464 responded to desthiobiotin almos^ 
as well as to biotin. In contrast, strain 6207S, which has a quantitatn e j 
similar biotin requirement, is unable to use desthiobiotin. If these 
of Penicilliinn are analogous to mutant strains of Ncurospora (lOh ^ 
reactions which noi-mallj* lead to the bios 3 Tithesis of biotin shou 
broken in two different single reactions in the two strains, since 
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differ in their ability to use desthiobiotin. If strain 62078 owes its need 
for biotin to the loss of ability to convert desthiobiotin to biotin and if 
desthiobiotin is a normal intermediate in biotin synthesis by Penicillium 
chrysogcnum, this strain should make desthiobiotin. An attempt to demon- 
strate the production and accumulation of desthiobiotin bj"^ this strain was 
made with culture methods similar to those used in analogous cases with 
Neurospora mutant strains (10, 11). 

Penicillium chrysogcnum, strain G2078, was grown in 125 ml. Erlenmeyer 
flasks containing 50 ml. of the Czapek-Dox medium supplemented with 
0.01 and with 0.1 y of biotin. Alter 6 days incubation at 25° with constant 


Table I 

Production of Desthiobiotin by Penicillium chrysogcnum 6S078 (Assayed after 6 Days 
Growth at SS° with Constant Shaking) 


Experiment 

No. 

Additions to Czapek-Dox medium, per 50 m). culture 

Desthiobiotin produced, 
per 50 ml. culture 

Neurospora 
crassa assay 

Escherichia 
colt 58 assay 



V 

7 

1 

0.01 y biotin 

0.235 



0.1 “ “ 

0.235 


2 

0.01 “ “ 

0.46 



0.01 “ “ -t- 1 mg. pimelic acid 

5.9 

5.6 


0.01 “ " -t- 1 “ cystine 

0.52 

0.48 


0.01 “ “ +1 “ pimelic acid -1- 1 mg. cys- 

5.5 

5.8 


tine 



3 

0.01 y biotin 

0.23 



0.01 “ “ 1 y pimelic acid 

0.25 



0.01 " “ + 10 “ " “ 

0.32 



0.01 “ “ -f- 100 “ “ “ 

1.04 



0.01 “ " 4- 1000 “ “ 

4.08 


4 

0.01 “ “ + 2000 ‘‘ 

3.25» 



* 0.005')' of biotin by Lactobacillus casci assay. 


shaking, the cultures were heated to boiling and filtered. The filtrates, 
assayed for biotin with Neurospora crassa, contained approximately 0.23 
y of biotin equivalents per 50 ml. of culture (Table I, Experiment 1). 
These solutions showed biotin activity for Penicillium strain 2146i but 
not for strain 62078, and the failure of strain 62078 to grow was not due 
to inhibitory substances, since the addition of biotin led to the expected 
growth. These results suggest that the active substance produced by 
strain 62078 is not biotin as such. 

Further similar experiments ivere performed, including tests for the 
effects of pimelic acid and cystine (5, 6) on the production of the biotin- 
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active substance. The results are given in Table I. Assays for biotin 
with Neiirospora crassa and with Escherichia coK 58 gave similar values. 
Pimelic acid increa,sed the amount of active .substance from approximately 
0.5 7 of biotin equivalent to 5.0 7 per culture, but cystine had no apparent 
effect either with or without pimelic acid (Experiment 2). In Experiment 
3, the addition of 1 mg. of pimelic acid per 50 ml. of culture was found to 
give the maximum effect. Pimelic acid with or without cystine had no 
biotin activity for Ncurospora, Escherichia coK 58, or for the two Penicillium 
strains. 

This evidence suggests that the biotin-active substance produced by 
Penicillium chrysogenum, strain 62078, is desthiobiotin. However, since 
Lactohacillus casei is known not to rc.spond to desthiobiotin (1), it was 
felt that a direct test with this organism was desirable as confirmatory 
evidence. The filtrate was slightly' active on L. casei in the medium of 
Hutchings and Peterson (12). However, on the basis of a curve with 
known biotin supplements in medium containing additions of a PeniciUium 
filtrate which by Ncurospora crassa assay contained 3.25 7 of biotin equiva- 
lent per 50 ml. (Experiment 4), the amount of biotin from the L. casfl 
assay could not have been over 0.005 7 per 50 ml. This result substanti- 
ates the .conclusion that the biotin-active substance produced by Peracil- 
Hum chrysogenum 02078 is desthiobiotin. 

DISCUSSION 

The results reported in this paper support the conclusion that desthio- 
biotin is a normal intermediate in the synthesis of biotin b.v Penidlhan. 
In Penicillium chrysogenum 62078 pimelic acid seems to be a precursor 0 
desthiobiotin, since its addition resulted in a 10-fold increase in the dK 
thiobiotin produced. This is comparable to the 16-fold increase 
biotin production of Aspcrgilbis niger demonstrated by Eakin and Ea 'in 
(6), but is a much greater absolute increase in terms of oiotin equivalen 
Pimelic acid increased the production of biotin by Aspergillus mger J'O 
0.006 to 0.1 7 per 12 ml., but increased the production of 'f ™ 

by Penicillium chrysogenum 62078 from 0.5 to 5.0 7 per 50 ml. 
cystine had no effect on the synthesis of desthiobiotin, w'hich 
biotin only in the absence of the sulfur atom in the molecule, it seems i ' 
that cystine is not involved in the synthesis of desthiobiotin, but ra e 
the conversion of desthiobiotin to biotin. . Hucing 

In view of the effects of x-ray and ultraviolet irradiation in pro 
biotin-requiring strains of Escherichia coli (7) and Pemctlltum,^ 
as the result of gene mutations, the biotin requirements of ot 
organisms found in nature may have resulted from analogous m 
affecting different biochemical steps in this synthesis. In 
in nature, more than one reaction may be blocked as the resu 0 
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lated independent mutations. It also seems likely that the reactions in- 
volved in the synthesis of biotin are the same in all microorganisms. If 
this is true, biotin-requiring microorganisms may be classified into several 
types, depending on the location of the terminal block in the synthesis in 
each case. 

In one class, represented by the diphtheria baeillus (3), the synthesis of 
pimelic acid is blocked. In another class the synthesis of desthiobiotin 
from pimelic acid is blocked. This class may include Saccharomyces 
cerevisiaa (1), Ceralostomella ips 438, Neurospora crassa and N. sitopMla 
(2, 13), Pemcillittm nolalim 21464, and Escherichia coli 58, since these ean 
use desthiobiotin but not pimelic acid. A third class including Laclo- 
bacillus casei (1), Ceralostomella pini 416, Sordaria fimicola, Lactobacillus 
arabinosus, Rhizobium Irifolii 205 (2), and Penicillium chrysogenum 62078 
would consist of those organisms which cannot convert desthiobiotin to 
biotin. 


SUMMARY 

Neurospora crassa, Escherichia coli 58, and Penicillium notalum 21464 
grow as well on desthiobiotin as on biotin, but Penicillium chrysogenum 
62078 is unable to grow on desthiobiotin. 

The production of a substance with the specific biological activity of 
desthiobiotin by Penicillium chrysogenum 62078 has been demonstrated. 
The addition of pimelic acid increased the production of this substance 
from 0.5 -y to 5.0 7 of biotin equivalent per 50 ml. of culture. Cystine 
had no effect. 

These obsenmtions suggest that desthiobiotin is a normal intermediate 
in the biosynthesis of biotin by Penicillium chrysogenum, and probably also 
in other microorganisms. 
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THE FUNCTION OF PYRIDOXINE; CONVERSION OF MEMBERS 

OF THE YITAIMIN Bs GROUP INTO CODECARBOXYLASE 

Br W. D. BELLA^Of, W. W. UMBREIT, and I. C. GUNSALUS 
(F rom the Laboratory of Bacteriology, College of Agriculture, Cornell University, Ithaca) 

(Received for publication, June 28, 1945) 

Snell and coworkers (1-4) have recently demonstrated that three com- 
pounds, pyridoxine, pyridoxamine, and P 3 Tidoxal,* show vitamin Be ac- 
tivity for various organisms. All three compounds are utilized by Sac- 
charomyces carlshergensis, Neurospora silophila, and the rat, pyridoxal and 
pyridoxamine are effective for Slreptococcus faecalis R, while Lactobacillus 
casei responds only to pyridoxal (4). The wide distribution of these three 
compounds in nature has also been established (5). 

Studies on the function of the vitamin Be group have shown that pyri- 
doxal can be converted biologically and chemically into a compound of 
unknown structure which senses as the coenzyme of amino acid decarboxy- 
lases (6). Gale and Epps (7) have isolated a substance from natural 
products which also serv^es as the coenzyme of amino acid decarboxylases, 
and have termed this material codecarboxylase. As other studies (8) have 
shown the similarity of the natural preparations to those prepared biologi- 
cally and chemically from pyridoxal, the term codecarbox)dase is used in 
this paper to refer to all preparations which possess coenzyme activity for 
the amino acid decarboxylases. To date four amino acid decarboxylases, 
tyrosine (7, 9), lysine (7), arginine (10), and glutamic acid (10), have been 
shown to require this coenzyme. 

The present work^ was undertaken to determine whether members of the 
vitamin group in addition to pyridoxal are converted into codecarboxy- 
lase. For this purpose, various organisms were grown in media with 
pyridoxine, pyridoxamine, or pyridoxal as the source of vitamin Be and the 
cells harvested and assayed for codecarboxylase. It has been found that 
the three known members of the vitamin Be group are converted, at least 
partially, into codecarboxylase by growing cultures. In addition, resting 
cells of Slreptococcus faecalis ■will convert pyridoxamine into codecarboxy- 
lase if pyruvate is also present. 

A correlation has been found between the codecarboxylase content of rat 
tissue and the pyridoxine content of the diet. 

* We wish to thank the Research Laboratories of Merck and Company, Inc., for 
the pyridoxal and pyridoxamine used in these studies. 

• A preliminary report of this work was given at the spring meeting of the Central 
New York Braneh of the Society of American Bacteriologists (J . Bact,, in press). 
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FUNCTION OF PYRIDOXINE 


More codecarboxylase activity is obtained per mole of pyridoxal, or of 
other members of the vitamin Be group, furnished during growth than by 
the addition of pyridoxal to resting cells, or cell preparations, of Sireptococ- 
Cl/s faecalis R. 


Methods 

Both growing cultures and resting cell suspensions have been tested for 
their ability to convert members of the vitamin Be group into codecarboxy- 
lase. Groxving cultures would appear to offer the greater promise for the 
formation of codecarboxylase, because a culture which can use a vitamin to 
fulfil its growth requirement would seem of necessity to convert that vita- 
min into a functional unit. On the other hand, resting cells would bemore 
specific in their requirement and, therefore, might be expected to yield more 
information as to the mechanism of coenzyme formation. 

Two methods have been employed to detect codecarboxylase. The first, 
which was used with Streptococcus faecalis R, depends on the formation of 
tyrosine decarboxylase apoenzyme by this culture when it is grown in the 
absence of members of the vitamin Be group (11). Cells from such cultures 
do not decarboxylate tyrosine unless substances are furnished, either durmg 
growth or to the resting cells after harvest, which are converted into code- 
carboxylase. As the rate of tyrosine decarboxylation by these cells has 
been shown to be a function of the coenzyme concentration, the formation 
of codecarboxylase can be determined directly (8). 

The second method used for the determination of codecarboxylase d^ 
pends on the extraction of the coenzyme from cells grown with various 
members of the vitamin Be group and the assay of the extract with t a 
tyrosine decarboxylase apoenzyme of Streptococcus faecalis R (8)- ^ 
procedure was, of necessity, applied to those cultures for which sped a 
amino acid decarboxylases were unknown. Because pyridoxal was the on y 
substance available in pure form, which activates the decarboxylase sysfeni, 
the assay was standardized in terms of pyridoxal (plus adenosine trip o 
phate) and the amount of coenzyme expressed in terms of "py^‘ 
equivalents.” The extraction procedure, which was adapted from 
studies of Gale and Epps (7), was as follows: The tissues were 
in 0.1 N NaOH, heated to 100° for 5 minutes, cooled, and adjusted P 
5.0. Aliquots were assayed without removing the suspended matter. 


EXPERIMENTAIi ^ 

Codecarhoxylase Production hy Streptococcus faecalis ^A cell gp. 

Streptococcus faecalis grown in a vitamin Be-deficient medium (9) ^ ^ 
vert pyridoxal into codecarboxylase, and dried cell 
convert pyridoxal into this coenzyme if adenosine triphosphate is u 
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(6). The quantitative response of the preparations to the addition of 
pyridoxal is sho^vn in Table I. As the optimum pH for decarboxylation by 
living cells is slightly lower than that for cell preparations, each was run at 
its optimum pH. The level of pyridoxal required for half maximum stimu- 
lation of the apoenzyme is similar with the resting cells and the dried 
preparation. From the amount required, about 0.15 y per 3 ml. of fluid 
volume, the dissociation constant has been calculated as 3 X 10“'^ mole per 
liter (8, 9). 

To compare the conversion of pyridoxal into codecarbo.xylase by gromng 
cells with that formed by resting cells, or cell preparations. Streptococcus 

Table I 

Codecarboxylase Formation from Pyridoxal by Cell Suspensions and Cell Preparations 
of Streptococcus faecalis R 

Per Warburg cup, in the side arm, 0.5 ml. of m/30 tyrosine suspension; in the cup, 
cell suspension, cells from 3 ml. of medium <= 0.25 mg. of bacterial N, 1 ml. of m/15 
pbthalate buffer (pH 5.0), and water or pyridoxal to 2.5 ml.; cell preparation, 1 mg. 
of dried cell preparation,* 1 ml. of 0.2 M acetate buffer (pH 5.5), 1 mg. of adenosine 
triphosphate, and water or pyridoxal to 2.5 ml. 


Pyridoxal added 

COi evolved 

Cell suspeosiOD 

Cell preparation* 

y Per 3 ml. 

miercliters per hr. 

microliters per hr. 

0.0 

3 

15 

0.01 


38 

0.04 

57 

62 

0.06 

78 

80 

0.3 

177 

283 

0.6 

228 

343 

10.0 

400 

440 


* The dried cell preparation may also be used for the assay of coenzyme, in which 
case the adenosine triphosphate is omitted (8). 


faecalis R was grown with graded amounts of pyridoxal. It was felt that 
this would afford a method for the standardization of an extraction proce- 
dure for the coenzyme. That is, the rate of tyi'osine decarboxylation by 
cells grown with different levels of pyridoxal could be determined directly , 
and the codecarboxylase content calculated by comparison to the^ COj 
evolution obtained mth the assay preparation in the presence of an aliquot 
of the cell extract. To determine the codecarboxylase content from the 
rate of tyrosine decarboxylation the total amount of enzyme per Warburg 
cup would need to be held constant. Cells grown mth 0.03 y or less of 
pyridoxal per 3 ml. contained similar amounts of tyrosine decarboxjdase 
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(Table II, third column) ; so that within these limits the rate of tjnosme 
decarboxylation can be compared to the rate observed rnth the assay 
system (Fig. 1). As may be seen from the curves, the cells grown mth 
pyridoxal gave a greater rate of dccarboxj'lation per unit of pyridoxal fur- 
nished than did the i esting cell suspension to which pyridoxal was added 
after harvest. About 10 times as much pyridoxal are required for a given 
rate of decarboxylation by the resting cells as by the growing culture. The 
present data are not sufficient to determine whether the greater activity of 


Tabi.e II 

Codechrboxylase Formation from Pyridoxal by Growing Cultures of 
Streptococcus faecalis 


Per Warburg cup, in the side arm, 0.5 ml. of m/30 tyrosine suspension; in the cup, 
cells from 3 ml. of medium (0.25 mg. of bacterial N) and 1.0 ml. of m/15 phthalale 
buffer (pH 5.0). 



CO 5 c\*oI\ed by cells ftem 3 ml. of medium 

Codecarboxylasc assay of cell extract 

medium 

As harvested 

+ 10 -y pyridoxal 

Pyridoxal 

equivalent 

Activit}'* 

y per 3 ml. 

microliUrs per hr. 

miercUlers per hr. 

y per 3 ml. 


0.0 

3 

450 

0.0045 


0.0015 

16 

360 

0.006 

4.0 

0.003 

40 

450 

0.054 

18.0 

0.0045 

55 


0.055 

12.2 

0.006 

64 

450 

0.072 

12.1 

0.012 

87 


0.078 

6.5 

0.03 

120 

400 

0.084 

2.8 

0.09 

142 

200t 

0.240 

2.6 

0.9 

190 

200t 

0.700 

0.8 

_ 


* Activity = micrograms of codccarboxylase (pyridoxal equivalents) permicr 
gram of pyridoxal furnished to the growing culture. j 

t Indicates that cells have a lower enzyme content. It appears that the ecre 
enzyme content at the higher levels of pyridoxal is due to the exhaustion o 
tyrosine from the medium. The addition of tyrosine to the medium increase 
apoenzyme content in these cases. 

the cells grown with pyridoxal indicates a more efficient conversion 
pyridoxal to coenzyme or the formation of a different type of 
For the present it is assumed that the greater activity observ'ed " 'e^i 
doxal is present during growth is due to more efficient conversion i S 
ing cultures. ^ 

The increased activity observed in cells grown in the presence o 
does not allow a determination of the exact degree of conversion o 
Be derivatives to codecarboxylase. As mentioned above, the cc 
with pyridoxal were extracted and as.sayed for codecavboxy as'e 
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dried cell preparation. The assay data, given in Table II, also indicate 
that the groxring culture is 15 to 20 times as efficient in converting pyridoxal 
into codecarboxylase as is the assay sj'steni, thus affording satisfactory 
agreement with the data obtained with living cell suspensions (Fig. 1). 
As may be seen from Table II, those cells grown without pyridoxal show 
a small amount of codecarbo.xylase by the extraction procedure. 

Calculations of the efficiency of codecarbo.xylase production from other 
members of the vitamin Bt group must bo considered in the light of this 



MT PYRIDOXAL SUPPLIED /3 ML. 

Fia. 1. Codecarboxylase activity of cells grown with pyridoxal versus cells grown 
without and furnished pyridoxal in Warburg cups. Per cup, in the side arm, 0.5 ml. 
of m/30 tyrosine} in the main cup, 1 ml. of m/15 phthalate buffer (pH 5.0), cells from 
3 ml. of medium (0.25 mg. of bacterial N), and pyridoxal or water to 2.5 ml.; 28°. 


findmg. That is, recov..rics of 1000 to 2000 per cent based on the amount 
of vitamin Be member furnished may be e.xpected when the coenzjmie 
activity is expressed in terms of pyrido.xal equivalents. 

Streptococcus faecalis, strain R, as shown by Snell (1), is able to utilize 
pyridoxal and pyridoxamine for growth. The data of Table III show that 
pyridoxamine as well as pyridoxal is converted into codecarboxylase by 
growing cultures, and that codecarboxylase recoveries as high as 13 times 
the pyridoxamine furnished were obtained. 

Resting cell suspensions of Streptococcus faecalis R do not conv'ert pyri- 
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doxamine to codecarboxjdase (9) in the tyrosine system at pH 5.0. Such 
suspensions, however, vill convert pyridoxamine into codecarboxylase if 
a keto acid, such as pyruvate, is added and the mixture (cells, pyridoxamine. 


Table III 

Conversion of Pyridoxamine lo Codecarhoxylase by Growing CuUnres of Sireplomcvs 

faecalis R 


1 

PyrMorarainc supplied i 

1 

Tyrosine decarboxylation 
by cell suspensions ' 

! 

Codecarboxylase assay of cell extract 

Fyridoxal equivalent 

Activity* 

y Per JO ml. 

QcoiW 

7 per to ml. 


0.0 

3 

0.004 


0.001 

32 

0.017 

13 

0.010 

62 

0.040 

4 

Q.OIO 

362 

0.036 

0.8 


* Micrograms of codecarboxylase per microgram of pyridoxamine furnished. 



10 20 30 40 

MINUTES . The 

Fig. 2. Conversion of pyridoxamine to codecarboxylase by cell 
cells were incubated for 30 minutes at 28° with 3 7 of pyridoxamine, to a 

pyruvate, or both, in 2 ml. of m/300 phosphate buffer, pH 7.0, and then a 
Warburg cup which contained, in the side arm, 0.5 ml. of m/30 tyrosine, ‘ 
cup, 1.0ml. of m/15 phthalate buffer, pH 4.8 (final pH 5.0). The Cu- ev 
tyrosine is measured in microliters per hour. 

and pynivate) incubated at pH 7 before the tyrosine 

determined at pH 5 (Fig. 2). The incubation at pH 7 is jode- 

incubated xvith pyridoxamine and pyruvate at pH 5 do no 
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carboxj’lase. The formation of codecarboxj'Iase from p 3 nridoxamme in the 
presence of pjTUvate would appear to involve transamination in which the 
amino group of pyridoxaminc is transferred to pj'ruvate to yield pyridoxal 
and alanine, the pyridoxal being converted into codecarboxylase. This 
reaction would constitute the biological counterpart of the chemical trans- 
formation of pjoidoxamine into pyridoxal by heating ndth keto acids (Snell 
( 12 )). 

Codecarbozylase Production by Saccharomyccs carlsbergensis — Saccharo- 
myccs carlsbergensis is able to utilize pyridoxine, pyridoxaminc, and pyri- 
doxal equally well for growth (4). To test the ability of this culture to 

Table IV 

Conversion of Members of Vitamin Bt Group to Codecarboxylase by 
Saccharomyccs carlsbergensis 

Growth medium, base medium (9) plus 50 -r of thiamine and 5 mg. of inositol per 
100 ml. of medium. 



Amount supplied 

Growth 

CodecarhoxyUse 
in ceil extract 
by assay* 

Micrograms 

codecarboxylase 

Micro grams 
vitamin Bi 
fumisbed 

Pyridoxal 

y per 100 mt. 

0.0 

0.05 

turbidity^ 

8 

10 

yferJOOml. 

0.15 

0.25 

5 


0.1 

10 

0.25 

2.5 


0.5 

30 

2.44 

4.9 

Pyridoxaminc 

0.05 

12 

0.52 

TO 


0.1 

30 

1.70 

17 


0.5 

150 

2.03 

4.1 

Pyridoxine 

0.05 


0.93 

19 


0.1 


1.73 

17 


0.5 


2.44 

4.9 


* Extraotiou and assay described in the text, 
t Each scale imit = 6 r of bacterial N per 10 ml. 


convert members of the vitamin Be group into codecarboxylase the organism 
was inoculated into 50 ml. quantities of broth in 125 ml. Erlenmeyer flasks 
and incubated with shaking for 18 hours at 30°. The cells were harvested, 
extracted, and assayed for codecarboxylase. The results (Table I\ ) show 
that the three members of the vitamin Be group are converted into code- 
carboxylase and the activity per mole of vitamin Be furnished is 10 to 20 
times that obtained with the p 3 Tidoxal-adenosine triphosphate standard. 

Codecarboxylase Production by Neurospora sitophila — ^The pyndoxineless 
x-ray mutant of Neurospora sitophila (Beadle and Tatum (13)) may be used 
for the assay of pyridoxine (14). This strain responds equally well to all 
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three membei-s of the vitamin Be group (4). Stokes of af. (14) have shown 
that the culture will grow without p3M-idoxinc at a pH above 5,8 and will 
synthesize pyridoxine, a.s indicated by the Ncurospora sHophila and Lacto- 
bacillus casei assay methods. The data presented in Table V show that 
codecarfaoxylase is formed from the three members of the vitamin Bi 
group. With this culture also the conveision factor is 10 or more. The 
value of 43 for a low level of pyridoxal is the highest so far obtained. It 
should be noted that in the absence of the vitamin Be group this culture 
grows slightly and contains material which activates the assay system; 
thus the factor of 43 may be higher than actually occurs. 


Tabi.e V 

Conversion of Members of Vitamin fit Group into Godecarboxytase by 
Ncurospora sitophila* 

Growth medium, baee medium (9) adjusted to pH 5.0 after autoclaving. 



1 

Amount supplied ^ 

1 

1 

Gfowtii (cell. 1 
nitrogen) 

1 

Codecarboxylase 
in Cell extract 
by asMyt 

1 

MlcrograiQs 

codecatboiyUsc 

Micrograws 
vnUitiin Bi 

furaiiliw 


y per 25 m/. 

mt. per 25 r»h 


1 


0.0 

0.6 

0.12 


PyrifJoxal 

0.01 

1.5 

0.65 

43 


o.ot 

14 

0.72 

15 


1.5 

19 

0.7 

5 

Pyridoxamine 

0,01 

i 

1 0.56 

11 

Pyridoxine 

0.04 

1 

[ 0.42 

7.5 


* We wish to thank Dr. Beadle for supplying this culture, 
t Extraction and assay described in the text. 


N etirospora sitophila, when grown under conditions permitting synth^ 
of vitamin Be as de.scribed by Stokes ct al. (14), forms codecarbo.v} o- 
(Table VI). ^ 

Table VI also shows that several other organisms which do not reqm 
vitamin Be for growth form codecarboxylase in considerable quan ' 
One culture, Streptococcus lactis L103, ydelded only a small amoun 
coenzj'me. 

Relation between Pyridoxine Fed and Codecarboxylase in^ Rat is 
Through the facilities of the Merck Institute for Therapeutic 
were provided with tissues from rats on diets deficient in vitamin t 
tives and with those from animals on identical diets jjjrjr 

pyridoxine. After the growth experiments, portions of muscle an 

» We wish to thank the Merck Institute for Therapeutic Research for 
tissues. 


■ the tit 
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Table VI 

Presence of Codecarboxylasc in Organisms Grown on Medium Deficient in 
Vitamin B, Group 


Growth medium, base medium (9). 


Orjranism 

Growth 

tempera- 

ture 

Arc of 
culture 

Volume 
of medium 

Codecar- 
boiO'Iase 
assay of 
cell ex- 
tracts 
(pyridoxal 
equiva- 
lents) 


*C, 

Jirs. 

ml. 

yper 

100 ml. 

Escherichia colij Crookes strain* 

37 

19 

30 

1.30 


28 

19 

30 

1.87 

“ “ 86 

Streptococcus laclis L103 

37 

28 

19 

19 

20 

175 

0.32 
n 01 

Lactobacillus arabinosus 17-5 

35 

24 

100 

0.155 

^eurospora sitophila^ pyridoxinelcsSj pH 7.0 

25 

72 

25 

1.6 


Arginine and glutamic acid decarboxylases are present, for which codecarboxy- 
Jase IS the coonzyme (10). 


COOECARBOXYLASE CONTENT OF 
RAT TISSUE 



>- 0 50 0 50 


UG-PYRIDOXINE SUPPLIED DAILY 

Fig. 3. Influence of pyridoxine in the diet on the codecarbo.xjdase content of rat 
tissue. The tissues were extracted with alkali and the extract assayed with tyrosine 
deoarbo.xylase apoenzyme. 

were removed, frozen, and shipped to our laboratories in dry ice. Upon 
arrival, the frozen ti.s.sue was e.xtracted with alkali as previoiLsly described 
and the extract assayed for codecarboxylase. 

Two series of animals were analyzed. In the first, the codecarboxjdase 
content of muscle and liver from the deficient rats was compared with the 
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level found in animals on the identical diet supplemented uith SO y of 
pyridoxine daily. The data (Fig. 3) show that the tissues from the animals 
which received pyridoxine contained several times as much codecarboxylase 
as those from the animals on the deficient diet. 

In the second experiment, tissues of rats which received graded levels of 
pyridoxine were analyzed. The data (Fig. 4) show that, while some varia- 
tion in codecarbo.xylase content occurs, there is a relationship betiveen 
the pyridoxine fed and the codecarboxylase content of the muscle. The 
points connected by the line represent the average codecarboxylase content 
of each group of animals. If these are plotted to scale, a straight line rela- 
tionship between pyridoxine supplied and the codecarboxylase content 
of the tissue is found. The growth requirement was met by the 15 y level 


CODECARBOXYLASE IN RAT MUSCLE 
p IN RELATION TO PYRI DOXINE FED 



liG. PYRIDOXINE SUPPLIED daily 

PiQ. 4. Godecarboxylase content of tissue from rats on varied levels of pyridoxine 

of pyridoxine, but the analyses (Fig. 4) show that an increased supply of 
pyridoxine, beyond that required by growth, yielded a higher leve o 
^ codecarboxylase. 


DISCUSSION 

The finding that the three known members of the vitamin 
pyridoxine, pyridoxaraine, and pyridoxal, are converted into co e 
oxylase by the organisms capable of utilizing them for growth v ou su^ 
the conception that codecarboxylase is an important 
vitamin Be. To date, codecarboxylase is knovvn to function as 
zjine of four amino acid decarboxylases. The relationship o 
to protein, or amino acid metabolism (15-17), may involve e c 
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of pjTidoxine into codecarboxyiase by the animal. The data presented 
here for rat tissues would favor this view. 

In addition to the direct conversion of pyrido.val to codecarboxyiase, 
activation of pyridoxamine as a precursor of codecarboxyiase by pyruvate 
suggests that the pathway of formation of the codecarbox 3 dase is through 
pj'Odoxal. This formation of the coenzjone from pyridoxamine is most 
readily interpreted as the transamination of pjTidoxamine and pyruvate 
to pyridoxal and alanine, a process which may also be related to the replace- 
ment of pjTidoxine derivatives by alanine for the growth of this culture. 
The observation that alanine may substitute for vitamin Be for the growth 
of Streptococcus faccalis R has been interpreted as an indication of the 
synthesis of vitamin Bj from alanine (18, 19). However, as has previously 
been shown (11), alanine does not serve as a precursor of codecarboxyiase 
for Streptococcus faccalis R, as indicated by the fact that cells grown with 
alanine, instead of members of the vitamin Be group, yield the tyrosine 
apoenzyme and not the complete enzyme as would be expected if code- 
carboxyiase were synthesized. 


SUMMARY 

The kno\vn members of the vitamin Be group are converted into code- 
carboxyiase by microorganisms capable of utilizing them as a source of 
vitamin Be. 

The efficiency of codecarboxyiase formation by growing cells is from 
10 to 20 times as great as vith cell suspensions or cell preparations of 
Streptococcus faccalis R. 

Cell suspensions of Streptococcus faccalis R form codecarboxjdase from 
P3Tidoxamine in the presence of a keto acid. 

Organisms which are capable of growing without vitamin Be have been 
sho\vn to synthesize codecarbo.xylase. 

The codecarboxyiase content of rat tissue is directly related to the 
pyridoxine level in the diet. 
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THE SYNTHESIS AND CONFIGURATION OF rf-14-METHYL- 

PALMITIC ACID AND ITS IDENTITY WITH THE NATURAL 
ACID FROM WOOL FAT 

By SIDNEY F. VELICK and JAMES ENGLISH, Jb. 

{F rom the Department of Chemistry, Yale University, New Haven) 

(Ucceived for publication, July 3, 1945) 

The acidic components of tvool fat have recently been resolved by 
Weitkamp into four homologous series of acids (1). One of these, the 
so called anteiso series, consists of optically active members with an odd 
number of carbon atoms. The proposed structure of the anteiso acids 
was deduced from binary melting point curves and from certain geo- 
metric and crystallographic considerations. It was concluded that the 
acids contained even numbered chains of carbon atoms and a methyl 
group in the antepenultimate position. Credence was lent this view by 
the correspondence in properties of the Cw member with S 3 mthetic dl-16- 
methylstearic acid of which it was believed to be the optically active form. 
The direction and magnitude of the optical rotation indicated, according 
to the rule of Boys (2), that the configuration of the active center was the 
same as that of d(— )-2-methylbutanol-l from fusel oil. 

The proposed structure of the anteiso acids, although mthout precedent 
among the known higher acids of mammalian fats, is formally similar to 
that of tuherculostearic acid isolated from the lipids of the tubercle bacillus 
(3-5) and to phytomonic acid isolated from the crown gall bacillus, Phyto- 
monas iumefaciens (6). We therefore considered it desirable, especially 
in view of the unusual method of structure determination employed by 
Weitkamp, to establish the structure and configuration by synthesis, in 
the optically active form, of one member of the series. The acid selected 
was d-14-methylpalmitic acid and the starting material d(— )-2-methyl- 
butanol-1, obtained by fractional distillation from fusel oil.' 

The following scheme was employed in the synthesis. 

CH, CH. 

CH.CH^CH— CHsCl > CHjCH.CH(CH:)!CH=CH2 

CHj=CH— CHiBr 
CH,i 

HBr I, , , (l)Mg , 

Mcaridoir" C;H,CILCH(CHj),CH,Br (g) o=CH(CIL), GOOCH, 

* We are indebted to Dr. Philip G. Stevens and Dr. P’rank C. Whitmore for half 
of the active amyl alcohol used in this work, and to Dr. Stevens for the loan of the 
Stedman column. 


473 



474 


(i-14-METHYLPAmmC ACID AND WOOL FAT 


CH, 

i fllPTIr 

Cn,CH,CH(CH5)4CHOH(CH,),COOGH, — 

CH, 

I 

CH,CH,CH(CH,),CH=CH— (CH,),COOH + 

CH, 

! 

CHsCH, CH( CH,), CH=CH(CH,), CO O CH, 

CH, 

— CH,CH,CH(CH,)„COOH 

The carbon chain of active amyl alcohol was first lengthened by 3 carbon 
atoms by coupling it through its Grignard reagent with aUyl bromide. 
This was done, with slight loss in activity, in order to remove the active 
center from the site of subsequent reactions which otherwise might be 
expected to cause more extensive racemization. Hydrogen bromide wm 
then added to the resulting 5-methylheptene-l in the presence of ascari- 
dole (7). The product consisted largely of l-bromo- 5 -methylheptane 
which was freed of secondary bromides by fractional distillation. The 
procedure in the subsequent steps was essentially that employed by 
Tomecko and Adams in tlie synthesis of long chain hydroxy acids ( 8 ). 
The l-bromo-5-methylheptane was converted to the Grignard reagent and 
condensed with 1 equivalent of 8-carbomethoxyoctanal-l obtained by 
ozonization of methyl oleate. Dehydration of the resulting 9-hydroxy-14- 
methylpalmitic acid was achieved by replacement of the hydroxyl group 
with bromine and subsequent removal of hydrogen bromide by the action 
of alcoholic potassium hydroxide. The unsaturated product was hydrogen 
ated and the resulting d-14-methylpalmitic acid purified by fractions 
distillation of its methyl ester. ■ m W I 

The properties of the natural and synthetic acids are listed in Ta e ^ 
Although slight discrepancies are observed, there is essential 
throughout. Tlie slightly low melting points of the synthetic aci ^ \ 

amide are to be attributed to a small amount of racemization incu^ 
during the synthesis and to the possible presence of about 3 
inactive isoamyl alcohol in the starting material. The mixe ^ 

points, with samples kindly provided by Dr. Weitkamp, , termined 
icant depression and the long crystal spacings of the amides, ® 
by x-ray diffraction, were the same. It may be conclu e 
that the structure and configuration proposed by 

Since the configuration of the anteiso acids is the same as t a 
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methylbutanol-1, it is also identical with that of Z(— )-isoleucine. This 
relationship suggests that the bios 3 mthesis of the anteiso acids may begin 
with isoleucine. Similarly the so called iso series of acids from wool fat, 
with a terminal isopropyl group, may be built up from vahne or its deriva- 
tives such as isovaleraldehyde or isovaleric acid, which is knonm to occur 
in nature in the oil of the porpoise, Delphimim ghhiceps (10). The ad- 
dition of 2-carbon units at the carboxyl ends would produce the desired 
series with even and odd chains respectively. However, it is difficult by 
a similar analogy from known intermediates to suggest an origin for tuber- 
culostearic and phytomonic acids with secondary methyl groups near the 
middles of the chains. 


Table I 

Comparison of the Natural and Synthetic d-14-Methylpalmitic Acids and Their 

Derivatives 


Acid j 

Aiitlde 

Methyl ester 

B.p. 

Synthetic j 

Natural 

Mixed 

M.p.* 

BB 

M.p. 

Long 

crystal 

spacing 

•c. 

36 -36.8 
37.3-37.6 

37 -37.4 

+5.16 

+5.23 

88 -89.5 
90.6 

89. +89. 8 

1 

•c. 

156° at 1.8 mm. 
166° " 1.9 “ 


* These were points of complete melting in a capillary in a stirred, electrically 
heated bath (9). The value for the natural product was redetermined by this 
method for purposes of comparison with the synthetic material. IVeitkamp re- 
ported 36.8° for natural acid, 
t Possible error ±0.3 A. 

It is apparent that natural fats have never been examined by methods 
as powerful as those employed by Weitkamp, and the question is raised 
whether the new acids are not more widely distributed in nature. In this 
respect it should be emphasized that the new acids are not combined 
with sterols as stated by Weitkamp, but with complex triterpenoid al- 
cohols which are not found in ordinary mammalian fats (11). It is possible 
that related acids may be found in the lipids associated with the hair of 
other species than sheep. 


EXPERIMENTAL 

d{~)-S-Melhylbutanol-l — ^Reagent grade isoamyl alcohol (Merck), 
= —0.9° in substance in a 1 dm. tube, was fractionally distilled three 
times through a Stedman column containing 4 ft. of packed section. The 
observed rotation of the constant boiling fraction Avas = —4.66 . 
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Brauns reported = —4.71° for a carefully purified sample (12) and 
Whitmore and Olewine an average value of = —4.77° for material 
distdled through the 3S ft. packed column at Pennsylvania State College 
(13). The latter authors believed their material to be 95 per cent pure 
or better. 

d-l-Chloro-2-viclhylhiiianc — This compound ivas prepared from the 
alcohol by the action of thionyl chloride and pj-ridine according to the 
procedure of Clarke and Straight (14). Prom 50 gm. of alcohol there were 
obtained 41.7gm. of chloride (70 percent of theorj’’),b.p.99-100°, nf 1.4111. 

Optical Rotation — In homogeneous substance in a 1 dm. tube, df 0.8857, 
a?,® = +1.43°, = +1.62°. Brauns reported [«]? = +1.644° for 

the chloride (12) and Whitmore and Olewine [ajo® = +1.66° (13). 

d-o-Mcthylhcptcnc-l — ^The Grignard reagent, prepared from 33 gm. of 
f'l-chIoro-2-methylbutane, 20 gm. of magnesium turnings, and 1 cc. of 
•nethyl iodide in 200 cc. of ether, was siphoned under dij' nitrogen from 
;he excess magnesium into a 3-necked flask fitted with a sealed stirrer, 
Iropping funnel, and efficient condenser. 120 gm. (3 moles) of allyl 
iromide were gradually added through the dropping funnel. The rKiction 
legan spontaneously after a short induction period and continued mth 
rigor. When it had subsided the mixture was refluxed for 30 minutes and 
illowed to stand overnight. The product was decomposed with aqueous 
immonium chloride, washed, and distilled through a Widmer column. 
Phe fraction boiling above 80° was shaken with aqueous silver nitrate for 
15 minutes to remove traces of allyl iodide and was then made alkaline, 
steam-distilled, and finally dried over calcium chloride. On redistilla- 
tion from potassium carbonate through a 1 ft. Podbelniak column there 
were obtained 22.6 gm. (65 per cent of theory^ of 5-methylheptene-l, 
nf = 1.4076, b.p. 113°. 

C,H ,5 (112). Calculated, C S5.7, H 14.3; found C So.2, H 14.7 

Optical Rotation — In homogeneous substance in a 1 dm. tube, od 
+7.28°, dV 0.7124, [a]=® = +10.2°. j 

d-l-Bromo-5-mclhylhutanc — A redistilled commercial sample of oc ene 
gave good yields of primary bromide when treated with hydrogen 
in the presence of benzoyl peroxide. However, under the same con i lo ^ 
d-5-methylhoptenc-l yielded a product which contained 
secondaiy bromide and showed too liigh a rotation, «d , i , 5,.^. 

stance in a 1 dm. tube. It was subsequently found with 
thesized heptene-1 that benzoyl peroxide, due presumably o^^^- 
solubility, was virtually inactive in promoting abnonnal in 

the above erratic results were due to the presence of natuia pn 
the octcne-1 used, .-tscaridolc as recommended l>y Wiaiasci 
workers (7) was therefore employed. 
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25 gm. of S-mcthylheptenc-l and 1.5 gm. of ascaridole in 50 cc. of pen- 
tane were chilled to —70° in an acetone-dry ice hath. Hydrogen bromide, 
generated from tetralin and biomine and purified in a red phosphorus and 
calcium chloride train, was passed into the chilled solution until 25 gm. 
had condensed (theory 15 gm.). The mixture was allowed to stand 12 
houm in the cold and then at room temperature until most of the excess 
hydrogen bromide had evaporated. 

The resulting solution was washed with water, dilute ferrous sulfate, 
sodium hydroxide, and water, dried, and distilled through a 3 ft. jacketed 
concentric tube column. There were obtained about C cc. of a fore run 
boiling between 107-112° at 05 mm., 1.4502 to 1.4539, which gave a 
positive test for secondary bromide with alcoholic silver nitrate (15). 
The main fraction, b.p. 112° at 05 mm., n]} 1.4532, weighed 23 gm. (07 
per cent of theory) and contained no detectable secondary bromide. 

C 8 H, 7 Br (192). Calculated. C 49.77, H 8.81, Br 41.42 
Found. “ 49.56, “ 8.91, “ 41.47 

Optical Rotation — In homogeneous substance in a 1 dm. tube, al* = 
+8.05°, dV 1.110, [all* = +7.25°, [MJo = +13.92°. 

Although this substance has not previously been prepared in optically 
pure form, its theoretical maximum molecular rotation has been calculated 
by Levene and Marker to be [it/Jo +14.92° (10). Assuming this value 
to be correct, although it may be high, our primary bromide, after cor- 
recting for 3 per cent inactive isomer, is calculated to contain less than 4 
per cent of the 1-antipode. This slight racemization presumably occurred 
during the coupling of the active Grignard reagent with allyl bromide, 
since 'V\Tiitmore and Olewine have shown that about 10 per cent racemiza- 
tion occuis in the cycle: active alcohol — > active chloride — > Grignard 
reagent — > active alcohol (17). 

8-Carbomethoxyoctanal-l — This compound was prepared in 40 per cent 
yield by ozonization of methyl oleate as previously described (18), b.p. 
105° at 2 mm., 1.4378. 

Methyl-d-H-mcthyl-9-hydroxypalmitate — ^The Grignard reagent, prepared 
from 11 gm. of d-l-bromo-5-methylheptane and 3 gm. of magnesium in 
80 cc. of ether, was added through a dropping funnel to a stirred solution 
of 10.5 gm. of 8-carbomcthoxjmctanal-l in ether under dry nitrogen at 0 . 
The aldehyde ester had been extracted with dilute potassium hydroxide 
and freshly redistilled before use. Stirring was continued until hindered 
by the deposit of a tenacious white gummy precipitate. The mixture was 
allowed to stand 2 hours, and then decomposed with ammonium chloride 
solution, washed, dried, and distilled through a small Widmer column. 
Since the hydroxy ester was a mixture of diasterioisomers, it was not 
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further purified, b.p. 173-175° at 1.5 mm., df 0.920, nf 1.4512, yield 
5.2 gm. 

Ci 8H„0, (300). Calculated, C 72.0, H 12.0; found, C 71.6, H 11.9 

Melhyl~d-14-^<ithylpalmiiaie — To 5.2 gm. of the above hydroxy ester 
■was gradually added 0.85 cc. of redistilled phosphorus tribromide at 0°. 
After standing for | hour the mixture ■was heated on the steam bath for 
I hour, decomposed ■with cold ■water, and extracted ■with ether. The 
■washed ether solution was evaporated and the residue, ■which ^was not 
distillable under ordinary conditions, was allowed to stand for 12 hours 
■with 9 gm. of potassium hydroxide in 45 cc. of 95 per cent alcohol, and 
then refluxed for 3 hours. The solution was then concentrated in tiacuo, 
diluted ■with water, acidified, and extracted ■with petroleum ether. The 
crude unsaturated acids that were obtained from the petroleum ether 


Table II 

Distillation of Crude Methyl-d-H-methylpalmitate, Pressure 1.8 Mm. 


Fraction No. 

Pot 

temperature 

Jacket 

temperature 

StUl head 
temperature 

B.p. 

Volume 

Reftsetive 

index, "J,‘ 


*c. 

•c. 

•c. 

•c. 

cc. 


1 

145 

102 

108 

108 

0.2 


2 

160 

136 

140 

146 

0.1 


3 

165 

140 

142 

156 

0.1 

1.4339 

4 

164 

140 

143 

156 

0.3 

1.4330 

5 

165 

141 

144 

156 

0.9 

1.4334 

6 

169 

145 

144 

156-160 

0.4 

1.4340 

7 

170-210 

150 


168 

0.2 

1.4353 


extract by evaporation were dissolved in 15 cc. of dry methanol^sn 
hydrogenated at 30 pounds pressure with platinum oxide catalyst. WJ 
out isolating the reduced acids, the filtered solution was diluted w on 
additional 85 cc. of dry methanol containing 3 cc. of concentrated su ^ uric 
acid and refluxed for 3 hours. From this solution there was obtame^^ 
after concentration in vacuo and extraction of the diluted resi 
petroleum ether, 3.7 gm. of crude saturated methyl ester. This ma 
was carefully distilled through a small fractionating column o a 
previously described (19) but equipped with a vacuum jacket an e 
couples. The distillation is sutiunarized in Table II. The bo g 
of the main fraction was 15G° at 1.8 mm. Weitkamp repor 

1.9 mm. for the natural product. _ t be af ^ 

Optical Relation — ^In homogeneous substance in a 1 dm. u i » 
+3.90°, dV 0.868, [«1" = +4.49°. 

Ci 8H,,0, (284) . Calculated, C 76.05, H 12.68; found, C 75.8S, H 12.67 
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d-H-Mclhylpalmitic Acid — 0.9 gm. of the methyl ester was heated on 
the steam bath with 2 gm. of KOH in 8 co. of 80 per cent alcohol for 1 
hour. The alcohol was partially removed in vacuo and the residue diluted 
with water and extracted with ether to remove any neutral material. 
The solution was then acidified and extracted with petroleum ether. 
There was obtained from the washed and dried petroleum ether solution 
on evaporation 0.85 gm. of acid, which deposited flat needle crystals and 
then set to a solid crystalline mass. In order to remove traces of solvent 
the free acid was distilled in a small molecular still at 0.1 mm. pressure. 
The acid melted at 36.0-36.8°. 

Optical Rotation — 0.4248 gm. diluted to 3.0 cc. in acetone, a® = +0.73° 
in a 1 dm. tube, [a]® = +5.16°. 

(270). Calculated, C 75.55, H 12.59; found, C 76.49, H 12.60 

The rotation of a sample of the natural acids, provided by Dr. Weitkamp, 
was determined in the same manner, 0.49906 gm. in 3.0 cc. of acetone, 
= +0.87°, [«]d° = +5.23°. There was no significant depression in the 
mixed melting point of the sjmthetic and natural acid. 

Amide of d- 14 -Methylpalmitic Acid — 0.1 gm. of the acid was heated 
with 2 cc. of pure thionyl chloride on the steam bath for 1 hour in a dry, 
all glass system. The excess thionyl chloride was removed in vacuo and 
10 co. of concentrated a mm onium hydroxide were added to the straw- 
colored residue and allowed' to stand for 1 hour. The crude amide was 
filtered and recrystallized from 90 per cent methanol from which it was 
obtained in radiating clusters of needles, m.p. 88-89.5°. The amide 
prepared in the same manner from a sample of the natural acid melted 
sharply at 90.6°, mixed m.p. 89.2-89.4°. X-ray diffraction photographs 
were taken of specimens of the amides which had been melted between 
1 cm. glass cover-slips and allowed to cool slowly from one end. Both 
specimens yielded the first, third, and fifth orders of an identical long 
spacing, 32.8 ± 0.3 A. The diffraction photograph from the amide of 
the synthetic acid was more diffuse than that of the natural product, and 
the intensities fell off more rapidly, indicating in agreement with the melting 
point behavior that the slight obseri'^ed differences were due to traces of 
impurities, but that the substances were othenvise identical. 


C.7 H,sON( 269). Calculated, N 5.21; found, N 6.26 (Kjeldahl) 

It is a pleasure to acknowledge the suggestions of Dr. Phihp G. Stevens. 

SUMMAHT 

1. d-14-Methylpalmitic acid has been synthesized, starting from the 
d-2-methylbutanol-l of fusel oil. 
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2. The synthetic acid is identical with the natural acid isolated from 
wool. 

3. The proposed structure and confif'uration of the so called anlciso 
acids of wool fat are thus confimicd. 
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THE INFLUENCE OF INSULIN AND EPINEPHRINE UPON SOME 
PHOSPHORUS FRACTIONS OF THE BLOOD* 

Bv LOUISE IIAniUS WEISSBERGEIl 

{I'rom the Department of Vital EcononiicSf School of Medicine and Dentislrt/, The 
University of Rochester, Rochester, New York) 

(Received for publication, May 14, 1945) 

The relationships existing between the hormones regulating carbohy- 
drate metabolism and the phosphorus compounds involved in carbo- 
hydrate metabolism are gradually becoming elucidated. We have studied 
the effect of the administration of insulin, epinephrine, and glucose to intact 
guinea pigs upon the inorganic, total acid-soluble, and barium-soluble 
alcohol-insoluble phosphorus of the blood, with labeled phosphate. In 
no case did the injection of any of these substances bring about a significant 
change in the specific activity of these phosphorus fractions. 

EXPERIMENT.^L 

Guinea pigs (385 to 550 gm.), which had been fasted 8 to 15 hours, 
received a single intraperitoneal injeetion of NaiHPOi* (400,000 to 1 ,500,000 
counts per minute on our scale-of-four Geiger-Miiller eounters) at intervals 
ranging from ^ to 48 hours before a blood sample was taken by cardiac 
puncture. Ether anesthesia was not satisfactory, since the animals 
struggled and there was a transitory rise in the blood sugar level from 123 
mg. per cent to 130 to 155 mg. per cent. Urethane vith dial, injected 30 
minutes before the puncture, induced deep anesthesia without a change 
in blood sugar; dial anesthesia of longer duration (2 to 4 hours) caused a 
drop in blood sugar from 123 to 103 mg. per cent. The specific activity of 
the barium-soluble phosphorus, precipitated with alcohol, was the same 
in the ether and dial series. 

In thirty-two animals, 0.5 to 1.0 i.u. of insulin per 100 gm. of bod 3 ' 
weight injected 90 minutes before the puncture caused an average de- 
crease in the blood sugar level from 123 ± 0.8 to 52 ± 1G.5 mg. per cent. 
The epinephrine-treated animals received 0.03 mg. of Parke, Davis adren- 
alin chloride per 100 gm. of body weight GO to 90 minutes before the blood 
was sampled. In a series of twenty-one animals the blood sugar rose to 
an average value of 1G7 ± 14.9 mg. per cent. Only the data from animals 
which responded to hormone treatment by a significant change in blood 
sugar have been included in the results. 

* This work wn.s supported by .u grant from the John and Marj' R. .Markle Found.i- 
tion. 
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Aliquots of oxalated blood were used for the detenniaation of the blood 
sugar by the Somogyi modificatiou of the method of Shaffer and Somogyi 

(1) . The inorganic phosphate was isolated as the strychnine phospho- 
molybdate from a 5 per cent trichloroacetic acid extract of 1 to 2 cc. of 
blood; the radioactivity ryas measured and the phosphorus content de- 
termined by the method of Tisdall adapted to the photoelectric colorimeter 

(2) . The strychnine method was preferable to the precipitation of Mg- 
NHiPOr because of the small amount of blood available. The strychnine 
precipitate probably contained small amounts of phosphorus derived from 
the hydrolysis of the labile phosphate esters. The procedure was carried 
out in the cold as rapidly as possible. 

Another aliquot of the 5 per cent trichloroacetic acid extract was used 
for the measurement of the radioactivity and phosphorus content of the 
total acid-soluble phosphorus (3). The results for inorganic and total 
acid-soluble phosphorus have been expressed as specific activity, the per 
cent of the original dose of P* per mg. of phosphorus (4). 

The procedure of Cori and Cori (5) for the isolation of hexose mono- 
phosphate from muscle was used for the precipitation of the barium- 
sofubfe, alcohoi-soiubfe phosphorus from blood. This fraction m’U be 
referred to as the alcohol precipitate, A. P. According to Con’s and our 
own experiments, the final alcohol precipitate is contaminated with small 
amounts of inorganic phosphorus, which in our own case were highly 
radioactive. Therefore, non-radioactive phosphate was twice added to 
the barium-soluble extract and removed with BafOH): before the addition 
of alcohol. In control e.xperiments, non-radioactive hexose monophosphate 
was added to artificial trichloroacetic acid extracts of blood which con- 


tained inorganic phosphate in the approximate concentration and radio- 
activity of our blood extracts. Without dilution of the inorganic phosphate, 
2 to 3 per cent of the inorganic phosphate accompanied the hexose mono- 
phosphate isolated from these extracts; in a group of our short term ex- 
periments, this contamination would have accounted for roughly 15 to 50 
per cent of the P* of the hexose monophosphate fraction. After 
of the inorganic phosphate, the alcohol precipitate contained no P*. 
radioactive alcohol precipitate isolated from guinea pig blood was ® 
to the trichloroacetic acid extract of blood from animals which had no 
received P*; no P* was detectable in the inorganic phosphate isolated from 
these preparations. This indicates that we are probably dealing iw ^ 
contamination rather than an exchange occurring during the course o 
the isolation. The recovery of hexose monophosphate, however, w 
considerably reduced by the dilution procedure. ^ 

The extract contaming the barium-soluble phosphorus was p 

in nacuo to 5 cc. before addition of the alcohol. A ratio of water so u 
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to 95 per cent alcohol of 1 :5 to 1 :6 was found to be satisfactory. As it is 
not possible to isolate and analyze the A. P. in 1 day, the stability of hexose 
monophosphate and the A. P. of guinea pig blood was determined under a 
number of conditions. As judged by the sugar and phosphorus content, 
the barium-soluble extract can be kept in the ice box for 5 days without 
an appreciable change. Recovery was not affected by the length of time 
allowed for the alcohol precipitation (1 to 24 hours). The hydrochloric 
acid solution of the A. P. was stable in the cold for a week; some loss oc- 
curred upon reprecipitation with alcohol. 

The A. P. was dissolved in HCl and its radioactivity measured. Re- 
moval of the barium had no effect upon the radioactivity or sugar values. 
Reducing sugar was determined in duplicate (1), also inorganic and total 
phosphorus whenever there was sufficient material (3). Since the barium, 
phosphorus, and sugar content of the alcohol precipitate corresponded 
elosely to that of barium hexose monophosphate, the alcohol precipitate 
was probably largely made up of hexose monophosphate. The values for 
radioactivity are expressed as specific activity (in this case, the per cent 
of the original dose of P* per gm. of reducing sugar of the alcohol precip- 
itate). 


Results 

The incorporation of P* into the A. P. of the blood was investigated at 
various times after the administration of labeled phosphate. P* appears 
rapidly in the blood A. P.; at 30 minutes, the earliest time investigated, 
the specific activity was considerable. The curve rises rapidly for the 
first 2 hours, reaches a maximum around 6 hours, and falls off gradually 
for the duration of the experiment, 48 hours. Since there is little difference 
among the 4, 6, and 12 hour average values (24.4, 26.0, and 25.3, respec- 
tively), there is no well defined maximum. 

Effect of Insulin, Epinephrine, and Glucose Administration — Injection 
of the hormones caused a reduction in the inorganic phosphorus content 
of the blood from a control level of 5.5 ± 0.4 to 4.0 ± 0.8 and 4.0 ± 0.3 mg. 
per cent of P for the insulin and epinephrine series, respectivel 3 ^ Despite 
this decrease in amount, neither hormone caused a change in the specific 
activity of the inorganic phosphorus at anj’’ time after P* injection (Fig. 1). 
This is in accord with Kaplan and Greenberg’s finding for insulin 90 minutes 
after insulin and P* administration (6). 

Unlike Greenberg, we were not able to demonstrate a reduction in the 
specific activity of the total acid-soluble phosphorus after insulin treat- 
ment (Fig. 2). The turnover cuiv'es for the insulin and control groups were 
practically identical. The decrease in the total acid-soluble phosphorus 
content of the blood after insulin administration from 30.2 zfc 1.0 to 27.8 
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mg. per cent of P is not significant; a considerable part of the reduction 
can be accounted for by the decrease in inorganic phosphorus. 

Epinephrine did not influence the amount of A. P. isolated from the 
blood in a group of thirtj’-four guinea pigs; the mean value for the control 
animals was 5.0 ± 0.5, and that of the epinephrine-treated animals was 
5.0 ± 0.9 mg. of reducing sugar isolated as A. P. per 100 cc. of blood. 
The corresponding value for the insulin-treated group (twenty-three 
animals) was somewhat greater (6.1 dt 0.5 mg. of sugar per 100 cc. of blood). 
Since the recovery of barium hexose monophosphate was considerably 
reduced in these experiments by the dilution procedure, these results 



Fig, 1 Fig. 2 

Fio. 1. Mean specific activity of control animals (•), insulin-treated animals 
(O), and epineplirine-trented animals (X). The specific activity is the percent o 
tlie dose of P* per mg. of inorganic phosphorus isolated from the blood at vanous 
times after P* injection. 

Fig. 2. Mean specific activity of control animals (•), and insulin-treated anims s 
(O). The specific activity is the per cent of the dose of P* per mg. of total aci 
soluble phosphorus of the blood measured at various times after P' injection. 

would serve only to indicate a trend. Therefore, despite the 
insignificance of the difference in values, insulin probabh' causes an la 
crease in the A. P. content of the blood. , 

The effect of insulin on the specific activity of the blood A. P- was s u 
at a number of times after P* injection in order that we might 
turnover curves of the control and insulin-treated groups, dh® 
are summarized in Table I. At 1, 2, and 3 houm, when the “P!** 
by the A. P. is rapid, there is no difference in the specific actiyi J 
fraction of the blood in the control and treated animals. ^ 

the work of Kaplan and Greenberg who showed that insulin ‘ 
fluence the specific activity of the barium-soluble phosphouis o 
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of the labbit at 90 minutes aftei injection of P* and insulin (G) Nor is 
there a significant difference at 12 houis, when the control cuivc uas close 
to its maximum, oi at 18 hours, w ben the cm \ c is falling off 
Likewise, there \\as no difference between the specific activity of the 
A P. of the epinephrine-treated and control animals at 3, 6, 18, and 24 

Table I 


’Specific Activity* of Alcohol Precipitate of Blood 



1 Controls I 

Insulin treated I 

I Adrenalin treated 

Time 







No of 
animals 

Speci6c 

actuity 

No of 
animals 

Specific 

activity 

No of 
animals 

Specific 

actuity 

hrs 







\ 

2 

8 4 ± 0 8 


i 



1 

4 

12 4± 1 2 

4 

14 1 ± 1 1 



2 

8 

19 4± 4 4 

10 

20 1 ± 1 9 



3 

4 

18 1 ± 2 3 

2 

19 0± 1 9 

4 

16 6 ± 1 2 

4 

2 

24 4 db 1 6 

i 




6 

5 

26 0 ± 3 0 



4 

25 0 ± 5 2 

12 

3 

25 3 ± 1 9 

2 

23 4 ± 1 6 



18 

9 

22 S ± 1 1 

4 

20 9 ± 3 2 

4 

21 9 ± 2 2 

24 

4 

21 8 ± 1 8 



4 

20 5 ± 1 2 


*Per cent of the dose of P* per gm of reducing sugar of the alcohol precipitate 


Table II 

Time of Epinephrine Injection and Specific Activity* of Alcohol Precipitate 


Time after epinephrine 
administration 

No of animals 

Specific actiMly 

hrs. 



0 

4 

21 8 ± 1 8 

i 

1 

23 4t 

1 

4 

20 5 ± 1 2t 

2 

2 

21 7 ± 0 It 

3 

2 

23 5 ± 0 It 

4 

2 

21 5 ± 0 9 


* Per cent of the dose of P* per gm of reducing sugar of the alcohol precipitate^ 
tThe average includes values which were corrected for a discrepancy in the P 
decay curve 


hours aftei P* injection. Cori and Cori (7) found that cpiiicphrinc caused 
an accumulation of hexose monophosphate in rat muscle; this increase 
was apparent 15 minutes after injection, maximal around 1 hour, and it 
had disappeared by 4 hours It was possible, therefore, that, although 
there ivas no effect at the time selected for the administration of epineph- 
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me (60 to 90 minutes prior to the puncture), a change might be deteotr 
able at other times. Animals, which received P* 24 hours before the blood 
was sampled, were given epinephrine at times ranging from f to 4 hours 
before the puncture (Table II). At none of these times was there a differ- 
ence in the specific activity of the blood A. P. attributable to the hormone. 

The effect of glucose, given orally or parenterally, alone or in conjunction 
with insulin on the specific activity of the A. P. was investigated in a group 
of animals which received P* 2 hours before the blood sainple was taken. 
The values for the glucose-treated animals (17.8 to 22.2) fell within the 
range of values for the corresponding control and insulin-treated groups. 

None of the procedures employed, administration of insulin, epinephrine, 
glucose alone or in conjunction with insulin, influenced the specific activity 
of the A. P. of the blood. 


DISCUSSION 

The investigation of the influence of insulin and epinephrine on the 
phosphorus compounds of the blood has been complicated by the similar 
results obtained with the two antagonistie hormones. In the intact 
5 animal, both hormones cause a reduction in the amount of inorganic 
' phosphorus in the blood and an accumulation of hexose monophosphate 
in the muscle. The decrease in blood inorganic phosphorus is attributable 
to insulin, since it does not occur in the depancreatized dog treated with 
epinephrine (8). The accumulation of hexose monophosphate in muscle 
is attributable to epinephrine, since it does not occur in the adrenal- 
ectomized animal treated with insulin (7). In the normal animal it is 
difiScult to differentiate between insulin and epinephrine action in these 
respects, as hyperglycemia appears to cause a stimulation of the pancreas 
and hypoglycemia a stimulation of the adrenals. 

In our experiments both hormones cause a reduction in the blood inor- 
ganic phosphorus (the decrease was of the same magnitude, 1.5 mg. por 
cent of P for both insulin and epinephrine) without a change in speci c 
activity. _ . 

Neither insulin, epinephrine, nor glucose influenced the specific actm y 
of the blood hexose monophosphate. Kaplan and Greenberg (6) haw 
shown that insulin results in an accumulation of hexose monophosp a 
in the blood; our results indicate a trend in the same direction with insu a, 
but not ivith epinephrine. In contrast to the blood picture, both hormone^ 
produce a rise in the amount of hexose monophosphate in the 
insulin causes an increase in the specific activity of the muscle exo 
monophosphate (6, 7). 

The author wishes to express her appreciation to Dr. Jolm K 

and Dr. 'William Bale for their helpful advice and interest in t 
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The barium hexose monophosphate was supplied by Dr. H. 0. L. Fischer 
of the Banting Institute. Radioactive phosphorus was furnished by Dr. 
G. Dessauer of the Department of Physics and Dr. Robley Evans of the 
Massachusetts Institute of Technology. We are indebted to Mr. B. Simms 
for maintenance of the Geiger-Miiller counters. 

SUMAfARY 

1. The influence of insulin, epinephrine, and glucose administration 
upon several phosphorus fractions of the blood of intact guinea pigs has 
been investigated -vvith labeled phosphate. 

2. The turnover curve for the barium-soluble, alcohol-insoluble phos- 
phorus was established. None of the procedures employed influenced the 
specific activity of this fraction. 

3. Both insulin and epinephrine caused a decrease in the amount of 
inorganic phosphorus without a change in specific activity. 

4. Neither the amount nor the specific activity of the total acid-soluble 
phosphorus was affected by insulin injection. 
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THE MECHANISM OF ACTION OF THE ANTIFATTY LIVER 
FACTOR OF THE PANCREAS 

II. FREE METHIONINE PREVENTS FATTY LIVERS IN COMPLETELY 
DEPANCREATIZED DOGS MAINTAINED WITH INSULlfj AND 
FED A LEAN MEAT DIET* 

Bv I. L. CHAIKOFF, C. ENTENMAN, and M. LAURENCE MONTGOMERY 

{From Ihe Divisions of Physiology (Berkeley) and Surgery (San Francisco), University 
of California Medical School) 

(Received for publication, July 9, 1915) 

The results of an earlier investigation demonstrated that complete 
excision of the pancreas or, more specifically, loss of the external secretion 
of the pancreas profoundly affects choline metabolism (1). In the absence 
of the external secretion of the pancreas there occurs a reduction in the 
concentration of plasma or circulating choline. Depletion of choline 
stores in the body would, therefore, appear to provide a reasonable ex- 
planation for the de\’elopment of fatty livers in such animals. This view 
is in keeping with the observation that it required the addition to the diet 
of at least 35 mg. of free choline per kilo of body weight per day to prevent 
the development of fatty livers in dogs deprived of their pancreas but kept 
alive with insulin (2). 

In seeking to interpret these findings «e are confronted at the outset with 
the fact that the development of the syndrome involving fatty liver and 
depletion of circulating choline in the dog deprived of the external secretion 
of the pancreas is not dependent upon a lack of methyl donors in the diet. 
This syndrome appeared in dogs that were fed 500 gm. of lean meat per day; 
this contains about 0.5 gm, of choline and 3 gm. of methionine, an amount 
of lipotropic substances that is more than sufficient for prevention of fatty 
livers in normal dogs. Inlereslingly enough, this amount of lean meat is also 
sufficient to ■prevent ihe development of fatly livers in completely depancreatized 
dogs, provided they ingest once daily 60 mg. of Fraction 27C derived from 
raw pancreas (3). 

The above considerations suggest that in the dog deprived of the external 
secretion of the pancreas there is an interference either in the mechanism 
by which bound choline and methionine of the diet are made available for 
lipotropic purposes or in the synthesis of choline from methyl donors. 
Either interference could account for the decreased amounts of choline 
found in plasma. 

The present investigation bears on the question of synthesis of choline 
by the depancreatized dog maintained 'with insulin. 

* Aided by a grant from the Christine Breon Fund for Medical Research. 
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ANTIFATTY MVEB FACTOR OF PANCREAS. II 


EXPERIMENTAL 

The five dogs used in this study were depancreatized and then fed 
twice daily a lean meat-sucrose diet supplemented with 50 gm, of pancreas 
per meal, as outlined in a previous paper (4) . 1 week after pancreatectomy 
all dogs had recovered from the operation and had excellent appetites. 
The feeding of raw pancreas to all five dogs was then discontinued. During 
the next 20 weeks Dogs D515, D5i6, and D517 received respectively 1.05, 
1.3, and 1.5 gm. of dZ-methionine with each meal. Dogs D526 and D532 
served as controls and hence received no supplements in their diets. At 
the end of this time the dogs were sacrificed, and their livers excised and 
analyzed for lipids in a manner already described (5). 

Table I 


Liver Lipids of Depancrealited Dogs Fed dl-Methioninefor SO Weeks 




Body weight 

. 


■ 

■ 


1 

1 


Dog 

No. 

Pre- 

opera* 

tive 

At 

start 

of 

me- 

thio* 

cme 

feed- 

ing 


Fed 

pan* 

creas 

Methionine- 

fed 


Total 

fatty 

adds 

BB 



Final 

Period 

Amount 

Weight 

Total 

Cho- 

line* 

con- 

tain' 

ing 

^on* 

cho- 

line* 

can* 

tais- 

lay. 






viks. 

trir. 

tm. 

> 

im. 

ter 

cent 

per 

cent 

Per 

etni 

ftr. 

Ctltl 

1.09 

0.91 

0.69 

o.so 

0.81 

Fed inethio- 

D516 

7.9 

7.5 

5.5 

1 

Kil 

2.1 

238 

WPl 

1.95 

iQI 

nine 

D5ie 

9.7 

9.7 

9.1 

1 

20 

2.6 

412 

6.7 

1.67 



D517 

6.9 

7.0 

7.2 

1 

^1 

BBlI 

358 

2.8 



Control 

D532 



7.6 

1 



312 


1.52 



D526 

8.6 


6.0 

1 



376 

17.7 

1.47 

0.63 


RestiUs 

It was shown earlier that approximately 35 mg. per kilo of body 
per day comprised the minimum amount of choline required to , 
the infiltration of abnonnal amounts of fat in the liver of the depancrea iz 
dog fed a meat-sucrose diet (2). The amount of methionine adde o 
diets of the three depancreatized dogs (Table I) was based on t c o 
value. Dogs D515 and D516 were fed 260 mg. of methiomne per 
per kilo of initial body weight; this amount contained enough me 
the synthesis of about trvice the minimum effective dose of c o c. 
amount of methyl in the methionine-fed dog. No. D517, name y 
per kilo per day, was sufScient for the synthesis of approxima e y 
the minimum effective dose of choline. 
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The results recorded in Table I show that the enteral administration of 
methionine prevents the development of fatty livers in depancreatized 
dogs fed a lean meat-sucrose diet. Tlie daily feedings of methionine were 
continued for 20 weeks, since it was found that a test period of 16 to 20 
weeks was necessary to determine whether a substance possessed antifatty 
liver activity in the depancreatized dog (4). 

It is of interest to note that two of the three dogs lost little or no weight 
during the 20 week period. The third dog (No. D515), however, lost 
about 30 per cent of its preoperative weight during the 5 months that it 
received methionine. 

In Dogs D515 and D51G the concentration of choline-containing phos- 
pholipids of the liver was somewhat lower than that usually found in 
normal livers. No significance, however, can be attached to this finding 
at the present time. 


DISCUSSION 

According to du Vigneaud el al., methionine prevents fatty infiltration in 
the liver by virtue of its labile methyl groups which the body uses for the 
synthesis of choline (6-8). These workers have furnished indisputable 
proof of the transfer of methyl groups from methionine to choline in the 
rat, rabbit, and man. The recent finding of McKibbin et al. that methio- 
nine is lipotropic in weanling pups (9) leaves no doubt that methionine is 
also a precursor of the methyl groups of choline in the dog. 

It is shown in the present investigation that the administration of 
methionine prevents the development of fatty livers in depancreatized 
dogs maintained with insulin and fed a lean meat diet. In view of the 
metabolic interrelations of choline and methionine discussed above, it is 
reasonable to conclude that the synthesis of choline from methionine also 
proceeds in the absence of the e.xtemal secretion of the pancreas. 

It has been shown that pancreas fractions that contain the antifatty liver 
factor have a profound effect on choline metabolism. The fall in circu- 
lating choline that occurs in dogs deprived of the pancreas can be prevented 
bytheadditiontotheirdiets of as little as 60 mg. of Fraction 27C (1). While 
the mechanism of this action is not clear at present, the results of this 
investigation, along with the earlier finding that ingested choline prevents 
fatty livers in depancreatized and duct-ligated dogs, serve to rule out the 
possibility that the antifatty liver factor of the pancreas is concerned ivith 
either of two phases of choline metabolism: its synthesis in the animal 
body and its action upon the liver as a lipotropic agent. 

Since the synthesis of choline from free methionine is not interfered 
nith in the depancreatized dog maintained with insulin, the most plausible 
explanation of the action of the antifatty liver factor of the pancreas would 
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appear to be that it makes available for lipotropic purposes the bound 
methioniae contained in dietary protein. The results presented here are 
therefore not inconsistent with the concept that the antifatty liver factor 
is enzymatic in nature. As a working hypothesis it may be considered that 
this factor is a proteolytic enzjnne without v.hich ingested proteins cannot 
exert their lipotropic action. 


SUMAURY 

1. The development of fatty livers in the depancreatized dog maintained 
with insulin and fed a lean meat diet can be prevented by the addition of 
free methionine to the diet. 

2. An explanation of the action of the antifatty liver factor of the pan- 
creas is offered. 
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STUDIES ON VITMIIN B. CONJUGASE FROM 
CHICKEN PANCREAS* 

By VIRGINIA MIMSf and MICHAEL LASICOWSKIJ 

{From the Department of Physiological Chemistry, School of Medicine, University 
of Arkansas, Little Pock) 

(Received for publication, July 10, 1945) 

Recently Laskowski, Mims, and Day (1) described a method leading to 
the partial purification of the enzyme which produces the Streptococcus 
faecaUs (S. lactis R) growth-stimulating factor from inactive precursor sub- 
stance in yeast. At about the same time Bird et al. (2) described an enzyme 
obtained from hog kidney which appears to catalyze the same reaction, and 
suggested vitamin Be conjugase as a provisional name for their enz 3 'me. 

In order to avoid confusion bj' using several names for insufficiently 
defined enzymes, all of which are evaluated by the same or similar methods, 
it was decided to use in this paper the provisional name vitamin Be conju- 
gase and to specify the enzyme further bj' its origin. Therefore we refer to 
the enzyme described by Laskowski, Mims, and Daj’’ (1) a.s chicken pan- 
creas conjugase, to the enzyme described by Bird et al. (2) as the hog 
kidney conjugase, and so on. It is not intended to imply that all these 
enzymes are identical. Chicken pancreas conjugase (1) showed an optimal 
pH between 7 and 8, hog kidney conjugase (2) at pH 4.5. Lemon and 
Totter (3) studied the kinetics of rat liver conjugase, chicken pancreas 
conjugase, and potato conjugase, and found the values for K, (Michaelis 
constant) to be 0.29, 3.0, and 38.0 respectively. 

Once the chemical structure of Autamin Be conjugate is knmvn, it wiU be 
much easier to decide whether conjugases so widely distributed in nature 
are identical or not. At the present state of our knowledge it may be that 
conjugases differ not only in respect to the conditions of activity but also 
in respect to the mechanism of the reaction itseh. 

It was previously found (1) that chicken pancreas conjugase was rather 
resistant to tryptic digestion. This finding suggested the revision of the 
previously described method of purification because it seemed logical to 
expect that autolysis of pancreas may increase the amount of enzyme e.x- 
tracted and decrease the amount of inactive protein. This expectation 
was confirmed (4). 

* Research paper No. 566, Journal Series, University of Arkansas. Aided by a 
grant from the John and Mary R. Markle Foundation. 

t Present address, Research Laboratories, Oschner Clinic, New Orleans, Louisiana. 

t Present address, Department of Biochemistr}’, Marquette University School 
of Medicine, Milwaukee, Wisconsin. 
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The object of this paper is to present the improved method of preparation 
of chicken pancreas conjugase and to describe some properties of the puri- 
fied enzyme. 

Methods 


The methods of determination were the same as those described in the 
previous paper (1),' except that in most of the experiments the concentrate 
of vitamin Be conjugate, kindly supplied by Dr. J. J. Pfiffner of Parke, Davis 
and Company, was used as a substrate. The product of the en^mic reac- 
tion was tested microbiologically with Streptococcus faecalis, American Type 
Culture Collection No. 8043, and the results were compared with those 
obtained with pure vitamin Be, also kindly supplied by Dr. Pfiffner. 

In the previous paper (1) the product of the reaction was expressed in 
micrograms of Streptococcus laclis factor equivalent to nucrograms of Me 
acid of the potency 40,000. Under the conditions employed it was found 
that 1 7 of pure vitamin Be corresponded roughly to 4 7 of folic acid. 
Concentration of subs’trate (vitamin Be conjugate) was alwa3fs expressed 
in micrograms of free vitamin Be obtainable from the amount of substrate 
used. This value represented the maximal value obtainable after the 
completion of the enzymic reaction, carried out under the most favorable 
conditions with a huge excess of crude conjugase. 

In a few experiments designed for the investigation of other suspected 
products of the reaction, a substrate was prepared from Difeo yeast extract 
as follows: 20 gm. of Difeo yeast extract were dissolved in 20 cc. of water 
in a 250 cc. centrifuge tube. 150 cc. of alummiun picrate reagent (Bue 
(5)) were added and the mixture was left to stand overnight in the ice box. 
It was centrifuged, the precipitate was decomposed with morpholine, rep^ 
cipitated with acetone (according to the directions of Buell (5)), and dri ■ 
In this step the yield was about 90 per cent, and the purification on a dij 
weight basis was 10-fold, which would be higher if. corrected for the 
of aluminum. The dry aluminum salt was dissolved in about 70 cc. 0 co 
0.2 N HCl, the pH was adjusted to 3.5 with NnOH, and the mxture wa^ 
centrifuged. The precipitate was washed with acetone and dried, n 
second step only a 2-fold purification was achieved and the yield was 0 
about 60 per cent. The product thus obtained showed comparative y 
reducing power when measured by the method of Hagedorn and Jense 


as modified by Robison and Morgan (7). 

Protein was determined by the method of Robinson and ^ 

the potency of enzyune was expressed in units (see below) per mg- 0 P’’ 


EXPERIMENTAL finally 

Preparation of Enzyme — The method of preparation which was 
adopted consisted of the following steps. 
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Avlolysis 2 kilos of frozen chicken pancreas' were first ground in a meat 
grinder, and then in a mortar with sand. 2 volumes of 0.1 m phosphate 
buffer, pH 8, were added. The mixture was covered with toluene and left 
for 24 hours at 32° to autolyze; the pH of the mixture was frequently 
checked and readjusted to 8 by addition of NaOH. After 24 hours the mix- 
ture was centrifuged and the liquid collected. It contained about 70,000,- 
000 new units (see below); the potencj' was about 4000 units per mg. of 
protein. 

As a result of autolysis the amount of enzyme present in the crude 
extract was increased almost 1000 times. Apparently, however, autolysis 
with 2 volumes of buffer led only to about 80 per cent extraction, because 
when the small amount of autolj’zed pancreas was treated mth 100 volumes 
of buffer about 20 per cent more conjugase was found in the extract. As- 
suming the amount of protein in the fresh pancreas to be 20 per cent and the 
amount of conjugase 50,000,000 units per kilo, the potency of the fresh 
pancreas should have been 250. Autolysis resulted in only a 16-fold in- 
crease in potency. The actual increase in potency in this step must have 
been considerably higher, because both protein and polypeptides were 
measured as protein by the method used. This became apparent from the 
results obtained in the next step, in which a very large quantity of peptides 
was removed in the filtrate of 80 per cent saturated ammonium sulfate. 

Saliing-Out vnth Ammonium Sulfate — ^The enzyme solution was treated 
with 30.2 gm. of ammonium sulfate per 100 cc. to make 40 per cent satura- 
tion; the pH was kept around 7 by addition of n NaOH. The heavy pre- 
cipitate was filtered off and discarded. To the filtrate 25.8 gm. of additional 
ammonium sulfate were added per 100 cc. to make 80 per cent saturation. 
A small brownish precipitate was filtered off in the cold and was placed, 
together "with the filter paper, in a dialyzing bag. It was dialyzed overnight 
against a large volume of phosphate buffer at pH 8 in the cold. The 
dialyzed extract still contained about 75 per cent of the activity of the 
original pancreas and the potency was increased about 100 times. 

Precipitation with Alcohol — ^The dialyzed enzyme, cooled in an ice bath, 
was treated with an equal volume of 95 per cent alcohol previous^' cooled 
to — 10°. The mixture was left in the ice bath for about 1 hour and was 
centrifuged in the cold. The precipitate was mixed with about 20 cc. of 
0.2 m buffer at pH 7.8 and the denatured protein was centrifuged off and 
discarded. The solution contained 40,000,000 units; the potency was 
500,000 units per mg. of protein. 

Second Precipitation with Ammonium Sulfate — The solution was treated 
with solid ammonium sulfate to make 40 per cent saturation, and a few 
drops of N NaOH were added to readjust to pH 7. The brownish precipi- 

* Obtained from the Chester B. Franz Company, Mammoth Spring, Arkans.as. 
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tate was centrifuged down and discarded. To the filtrate solid ammonium 
sulfate was added to make 80 per cent saturation. The precipitate was 
collected and was dissolved in a minimal amount of buffer (about 8 ce.). 
As a result of this treatment the potency was only slightly increased but 
most of the color was removed. 

Attempts to crystallize the enzyme by adding ammonium sulfate were 
not successful. Irregular needles were occasionally observed, mixed with a 
considerable amount of amorphous material. Recrystallization was un- 
successful. Table I summarizes the results of purification. 

Properties of Chicken Pancreas Cmjugase — ^The enzyme obtained by the 
present method showed very high initial velocity when minute amounts 
of enzyme were tested with a considerable excess of substrate. It required, 
however, enormous amounts of enzyme to bring the reaction to completion. 
Several possible causes could have been responsible for this fact. A 


Table I 

Summary of Potency and Yield of Enzyme after Various Steps in Purification Procedure 
with Use of New Units 


Steps ia procedure 

! 

Potency per mg. 
protein j 

1 Yidd 

FtoioSljlos 
tissue 1 

Per cent 
recovery 


ncxD units 

nep «"><» 



260 




4,000 

100,000 

500.000 

700.000 

70,000,000 

87 


60,000,000 

75 

After alcohol pptn i 

40,000,000 

20,000,000 

50 

After 2nd 40-80% (NH,),SO, 

25 


likely one appeared to be the absence of some of the components o e 
enzymic system in the purified preparation. During the previous wor ' o 
purification of the enzyme it was noticed that after the treatmen w ^ 
calcium phosphate gel the total amount of units recovered 
invariably higher than prior to the calcium treatment. It 
that calcium might be one of the missing components of the system. _ 
hypothesis was confirmed. The results are shown in Table II. ® ^ 
mal concentration of calcium was found to be 0.01 m, almost e 
solubility in borate buffer. The effects of the addition of ca 
time-activity curve are shown in Fig. 1. Addition annarent 

increased the initial velocity of the reaction, but also shifte e ^ 
equilibrium considerably to the right. However, the amo^ ethereac- 
employed in this experiment (4 imits) was not sufiBcient to nn 
tion to completion, even after the addition of calcium. 
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In tho pre'DOUS work (1) it was reported that dialysis against water 
resulted in a considerable loss of activit}'. This experiment was repeated 
and confirmed. However, when the dialyzed enzyme was tested in the 
presence of calcium the original activity was restored. 


Table II 


Effect of Calcium on Conjugase 

Each tube contained 1 -y of vitamin Be conjugate in 1 cc. of 0.2 M borate buffer, 
pH 7.8, and 1:100,000 dilution of enzyme, plus the different calcium chloride con- 


centrations. Incubated 1 hour at 32°. 


Added calcium chloride in reacting mixture 

Vitamin Be produced 

u 

y 

No calcium added 

0.05 

0.0001 

0.05 

0.001 

0.25 

0.01 

0.50 



Fig. 1. Effect of calcium on the time-activity curve. 


Each tube contained 4 


units of conjugase, 1 y of vitamin Be conjugate in 0.2 ir borate ^ jjqjj 

cc. Half of the tubes contained 0.01 « calcium chloride. Temperature of incubation 


32°. 


Fig. 1 shows also that the time of incubation previous y ® ,. . 

determination of activity should be changed, because un er ® „e,nrU. 
described the reaction is completed within 1 hour. Ot ^ , 

tions of activity were reinvestigated. Table III shows e i ue 
temperature and Fig. 2 the influence of pH on the reaction. 
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A new unit is therefore proposed. It is defined as 10 times the amount 
of enzyme which produces 0.1 7 of \-itamin Be when incubated ivith 1 7 

Table III 

Summary of Experiments upon Effect of Temperature on Conjugase Acttvily 
Each tube contained 1 7 of vitamin Be conjugate in 1 cc. of 0.2 m borate butler, 
pH 7.8, and 0.01 m CaCIj plus the enzyme. In each series the activity at 32' was 
taken as 100 per cent. 


Temperature 

Activity 

•c. 

Ptr cent 

18 

12 

24 

40 

32 

100 

37 

75 



Fig. 2. Effect of pH on conjugase. Each tube contained 4 to 7 units of conjugas < 
1 7 of vitamin Be conjugate, and 0.01 M CaCI; in buffer solution (acetate, phosp 
borate of appropriate pH), total volume 1 cc. Incubation 1 hour at 32°. 
were obtained in several series of experiments. The highest value in each senes 
considered 100, and the other values of the same series w-ere expressed in per c 
thereof. 

of vitamin conjugate during 1 hour at 32° in the presence of 0.01 J 
CaClz in 0.2 m borate buffer, pH 7.8, total volume 1 cc. 

In order to determine the amounts of units in 1 cc. of the enziane prep 
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tion it was nccessar3' to use the technique of serial dilutions. An e.\ample 
is shouTi in Table I\'^. Units per cc. of the original enzyme solution were 
calculated from the greatest dilution in which not less than 0.1 y and not 
more than 0.3 y of vitamin Be were produced. 

From the results of Table and Fig. 1 it is obvious that, at the concen- 
tration of substrate of 1 7 per cc., in spite of the addition of calcium the 
apparent equilibrium of the reaction lies close to 50 per cent of the substrate 
utilized. 20-fold amounts of enzj’me of the second stage (after the first 
precipitation with (NH<):S04) and 400-fold amounts of enzyme of the fourth 
stage (after the second fractionation with (NH<)2S04) failed to bring the 
reaction to completion. 


Table IV 

Dclcrminalion of New Units 

Each tube contained 1 7 of vitamin B, conjugate in 1 cc. of 0.2 m borate buffer, 
pH 7.8, and 0.01 M calcium chloride plus the different dilutions of enzyme. Incu- 
bated 1 hour at 32°. 


Dilution of enzyme during incubation 


Vitamin B 

e produced 


After autoly$js 

First (NHOjSO. 
PPt 

After alcohol 

pptD 

Second 

(NHi):SO< ppt. 


y 

y 

y 

y 

Control, boiled, 1:50,000 

0 

0 

0 

0 

ExperimentBl, 1:50,000 . 

0 6 

0 5 

0.5 

0 5 

1:200,000 ... 

0.1 

0.5 

0 5 

0 6 

1:1,000,000 

0 

0 5 

0 5 

0 5 

1:5,000,000. 

0 

0 3 

0 4 

0 5 

1 : 20 , 000,000 

0 

0 

0 2 

0.3 

1:100,000,000. . 

0 

0 

0 

0 


units P<r cc. 

units per cc. 

units per cc. 

units Per cc. 


20,000 

1,500,000 

4 , 000,000 

6 , 000,000 


One of the possible explanations of this finding may be the absence of 
another, not yet identified, component of the enzymic system. Several 
suspected substances were investigated but were found inactive. They 
were glutathione, cysteine, boiled blood plasma, digest of yeast nucleic 
acid by ribonuclease, digest of thymonucleic acid by thymonucleodepoly- 
merase, and liver extract. 

In a preliminary note (4) it was reported that purified preparations of 
conjugase were j'ellow, showing maximum absorption around 360 mp. A 
series of ten preparations was compared for the intensity of absorption at 
360 mp and for conjugase activity. No correlation could be established. 
It seems therefore likely that the enzyme is colorless and that the j’^ellow 
component represented an impurity. 
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Attempts to Identify Enzyme — Several attempts to identify the enzyme 
have been made. Bird el al. (2) reported that hog kidney conjugase was 
not identical with kidney nucleosidase, acid phosphatase of almond or 
potato, alkaline phosphatase of small intestine, or /3-glucosidase of almond. 

Through the courtesy of Dr. G. Schmidt we w'ere able to test his highly 
purified phosphatase (9) and found no conjugase activity in it, which con- 
firms the findings of Bird et al. (2). 

The purified preparations of chicken pancreas conjugase exhibited some 
lipolytic activity. However, when several subsequent stages of purifica- 
tion were compared for activities of conjugase and of lipase (according to 
the method of Wdlstatter el al. (10)), the results were far from being parallel 
(Table V). Attempts to show the liberation of the acidic groups from vita- 
min Be conjugate were also unsuccessful. The negative results of these 
experiments should not be interpreted as a defirrite proof that conjugase 


Tabia: V 

Comparison of Conjugase and Lipase Activity of Several Ensyme Preparalions 


Enzyme prepar&tion 


Conjugase 



B 

D (1:376) 
E (1:2000) 
A 
B 

D (1:37.5) 



Titration of Ratio cJPtded Ratio fouad 
fatty acids 


«. 0.Z It NeOB 

3.0 
' 0.0 
0.0 
1.4 
2 7 
0.4 



is not an esterase. It may be that different optimal conditions are require 
for activity on different substrates. It is also possible that mmu e 
quantities of acid were not detected. 

More encouraging results were obtained by comparing the conjugase 
activity of our enzyme with its activity in releasing reducing substances- 
In the first series of experiments the digest of purified 
nucleic acid with ribonuclease (prepared according to Kumtz (1 )) 
used as a substrate. A small increase of the reducing power was 
invariably when such a digest was incubated with conjugase. 
creased reducing power, however, accounted for not more than 1 
of the value to be expected, if all the ribose present were liberate 
several subsequent stages of purification of conjugase^ were e ^ 
nucleosidase activity on this substrate, and compared with the conj^ 
activity determined on Be conjugate, both activities increase 
increasing purification, but no quantitative relationship cou 
lished. 
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In another series of experiments the previously described nucleotide 
fraction from Difco yeast extract was used as a substrate. Several pre- 
liminary experiments were made in wliich the ex'perimental tube contained 
substrate, enzjune, calcium chloride, and buffer. The control tube con- 
tained the same components except that the enzyme was previously boiled 
for 5 minutes. Both tubes were incubated for the same length of time, and 
were analj^zed for both vitamin Be and a reducing substance. In all cases 
the reducing substance and vitamin B, were higher in the experimental 



Fig. 3. Comparison of rate of release of a reducing substance and of vitamin B,. 
Ihe reaction mixture contained 400 mg. of "nucleotide fraction obtained from Difco 
yeast extract” as a substrate, 1,000,000 new units of conjugase in 0.2 ii borate buffer, 
pH 7.8, made 0.01 m in respect to CaClz, total volume 60 cc . 10 cc. samples were with- 
drawn at 15 minute intervals. The reducing power is expressed in micrograms 
of glucose per cc., and the growth-stimulating substance in micrograms of vitamin 
Beper cc. 


tubes; however, the ratio between the two varied on different days from 
3 to 7 Y of glucose per 1 7 of vitamin Be. 

Fig. 3 shows an experiment in which the time-actiiuty curve was run 
simultaneously for both reducing substance and vitamin Be. The result 
of this experiment indicated that both were liberated at the same rate. 

The reducing substance liberated in the course of this experiment could 
have been derived from substances other than vitamin Be conjugate. 
However, when one considers that the substrate was obtained by precipita- 
tion of nucleotides similar to adenylic acid (specificity of Buell reagent), 
it seems highly probable that both substances were liberated from com- 
pounds of similar structure, if not from the same. It is of course possible 
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that the reducing substance is not a sugar at all. This question could not 
be answered on the basis of our experiments, because neither isolation nor 
identification could be attempted with the amounts of substrate available. 

E.xperimcnts similar to those previously described, in which both activi- 
ties were compared at different time inteiwals, were made with vitamin Bt 
conjugate as a substrate. The results are shown in Fig. 4. This experi- 
ment differed from the previous time-activity e.xperiments in that equilib- 
rium was not reached xritbin 1 hour. This could have been due to the 
large volume of liquid used in this experiment (120 cc. instead of 1 ec.) 
which slowed down the adjustment to temperature in the air incubator. 



TIME IN HOURS 

Fig. 4. Comparison of the rate of release of a reducing substance and of vitaniin 
Be The reaction mixture contained 480 y of vitamin Be conjugate as a substra ^ 
1,000,000 new units of conjugase in 0.2 ji borate buffer, pH 7.8, made 0.01 n lu 
respect to CaC];, total volume 120 cc. 20 cc. samples were withdrawn at the 
shown. The reducing power is expressed in micrograms of glucose per cc., an 
growth-stimulating substance in micrograms of vitamin Be per cc. 

In spite of the slower reaction the rate of liberation of reducing substance 
paralleled the liberation of vitamin Be. .. 

One experiment was made on crystalline Lactobacillus casci factoi, bn y 
sent to this department by Dr. Stokstad of the Lederle Laboratories, n^ 
Only^ 0.5 y of reducing substance c.xpressed as glucose ivas liberate 
tills experiment per 1 7 of the growth-stimulating factor measure . • 
vitamin B^. 

•SUMMARY 

An improi’ed method of preparation of chicken pancreas 
described. The method con.sists of 24 hours autoly.sis at p ** 
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fractional precipitation with ammonium sulfate between 40 and 80 per cent 
saturation at pll 7, precipitation with alcohol, and a second fractionation 
with ammonium sulfate. 

The presence of calcium wa.s found to activate chicken pancreas conju- 
gase, the optimal concentration being 0.01 m. Optimal pH and tempera- 
ture were found to be 7.8 and 32® respectively. 

A new unit of conjugase is proposed as 10 times the amount of enzyme 
which produces 0.1 y of vitamin when incubated with 1 y of vitamin Be 
conjugate for 1 hour at 32° in the presence of 0.01 m CaCli in 0.2 m borate 
buffer, pH 7.8, total volume 1 cc. 

Increase of reducing power was observed as a result of incubation of the 
conjugase vith several different substrates and was found to parallel the 
release of vitamin Be, but no decisive evidence was acctimulated to show 
that this was due to a release of a sugar. 
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The recognition of protein as a dietary factor affecting the outcome of 
investigations involving lipotropic substances (1-5) and the subsequent 
discovery that cystine (6) and methionine (7) exert marked effects on the 
level of liver fat in rats on low choline diets occasioned several attempts to 
determine whether these two amino acids alone were involved or whether 
others were also concerned in the phenomenon. Best and Ridout (8) and 
Channon, Manifold, and Platt (9) reported that dietary casein exerts a 
distinctly stronger lipotropic effect than does the methionine and cystine 
contained in it (suggesting the presence in protein of other active constitu- 
ents), but Tucker, Treadwell, and Eckstein (10) found just the opposite. 
2 years later Treadwell, Groothuis, and Eckstein (11) published further 
experimental data indicating that the free amino acids were more effective 
in reducing h'ver fat than were similar quantities fed as casein. The 
lipotropic effect of protein and amino acids is discussed briefly in a review 
(12) published shortly after the appearance of the paper of Treadwell 
el al., but at that time no explanation could be offered for these conflicting 
conclusions. 

The data in Table I reveal at least five apparently small, but possibly 
highly significant differences between the conditions used by Best and Rid- 
out and by Tucker et al. It was considered desirable to reinvestigate the 
matter (a) with a constant nutritional background, (6) at different levels 
of dietary casein, and (c) to equalize the total nitrogen intake of the rats 
on the two series of diets (t.e., those containing casein and those containing 
corresponding amounts of methionine and cystine as free amino acids) 
by adding to the diets of the latter group a protein known to produce little, 
if any, hpotropic effect. Gelatin appeared to be suitable for this purpose 
(3, 13, 14). Further, in order that the diets under comparison might be 
more nearly alike, it was proposed (d) to add essential amino acids to those 
of a second group of aniinnls on the diets containing methionine plus gelatin 
to correct the known deficiencies of these rations. This was considered 
important, since a preliminary study, suggested by consideration of the 
data in Table I, had shown that methionine exerts a markedly grea^ 
lipotropic effect in the absence (or deficiency) of certain of the essential 
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amino acids than in their presence (14). Finally, the age of the rat has 
been shoivn to influence strongly the deposition of fat in the liver under 
certain conditions (14-16). This factor differed in the studies mentioned 
above but was kept constant in the present investigation. 

EXPERIMENTAL 

Fourteen test diets (Series 1 to 5, Table II) were prepared, in each of 
which the total protein was 35 per cent.’ Four diets (Series 6), containing 
40 per cent protein, and a* control diet containing 40 per cent of gelatin, were 


Table I 

Compaiison of Experimental Conditions Used in Previous Attempts to Account for 
Lipotropic Action of Casein 




Best et al. 

Eckstein (t ol. 

Basal protein ! 

1 


Beef muscle powder, 
5%* 

Casein, 5% 

Supplements compared 

Diet A 

Casein, 30% 

Casein, 15% 


“ B 

Methionine, 0.96% 
Cystine, 0.10% 

Methionine, U.4Di% 
Cystine, 0.051% 

Daily food consumption 


8.5 gm. 

Not given 
(assume 8.5 gm.) 

“ N intake 

“ A 

476 mg. 

272 mg. 


“ B 

76 “ 

72 “ 

Essential amino acids 

“ A 

Abundant 

Adequate 

1 

" B 

Grossly inadequate 

Grossly inadequate 

Weight of rats, gm 


200 

100-120 


* This beef muscle powder, which contained 2.90 per cent methionine and 0. 
per cent cj'stine, contributed 145 mg. and 44.5 mg., respectively, of these amino aci s 
per 100 gm. to both Diets A and B. 


subsequently added. Diet A in each series contained the amount of casein 
showm in Table II. Diet B in each series contained exactly the same 
total quantities of methionine and cystine as did the corresponding die s 
in Group A. The remainder of the nitrogenous moiety of the B diets vas 
supplied by gelatin. Diet C in each series contained total methionine an 
cystine equivalent to that in Diets A and B, but included also supplemen ^ 
of those essential amino acids which are absent from or markedly de cie 
in gelatin, but are present in the casein-containing diets. 

The scope of the e.xperiment necessitated a compromise in the at 
to balance the sulfur-free essential amino acids in the various diets ccau 

> Unpublished work of the authors had shown that in short term 
weight of young adult rats could be maintained on a high fat diet (fe a 
the protein moiety of which was comprised of 10 per cent casein and 25 per cen 
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of the excessive cost and current limited availability of the amino acids in- 
volved. Because 10 per cent of casein in such a diet prevented any weight 
loss when fed ad libitum, supplementary essential amino acids were added 
to the gelatin diets to make the total amount of each correspond with that 
in the diet (No. lA) containing 10 per cent of casein. Additions of 
K~)-tryptophane, l(-l-)-isoleucine, dl-valine, and dl-threonine were made, 
since these are either absent from gelatin or present in quantities very much 
smaller than in casein Probably some histidine and phenylalanine should 
have been included in the supplements, but at the time (1943) they were 

Table II 

Supplements Used in Test Diets 

The supplements of casein and ammo acids u ere added at the expense of an equal 
iveight of gelatin. The amounts are given in per cent 


Senes No 

Group A 

Group B 

Group C 

Group D 

Casern* 

Met)ii 

onioe 

Cystine 

Methi 

ODine 

Cystine 

Essential 

ammo 

acidst 

Mcthi 

onme 

Cystme 

Essential 

ammo 

acidst 

1 

10 

0 194 


0 223 

0 046 

2 84 




2 

IS 

0 291 

0 068 







3 

20 

0 387 

■IMIMB 

0 417 


2 84 




4 

25 

0 484 

0 113 







5 

35 


0 158 

0 707 


2 84 




6 

40 

mm 


0 803 


2 84 

0 871 

0 184 

9 34 


•Labco casein (2 93 per cent methionine and 0 49 pel cent cystine) 
fThe essential ammo acids added to the Group C diets Mere, in per cent of the 
diet, f{— )-tiyptophane 0 22, l(-t-) isoleucine 0 30, df-valine 1 58, dl threonine 0 74 
t The supplements used m Diet 6D, nhich Mas fed at a later date, Mere based on 
more recent data and therefore differ slightly from the ratios used in the Group C 
diets f(— )-tryptophane 0 88, f(-b) isoleucine 1 20, dZ-valme 5 14, and dZ-threonine 
2 12 per cent, respectively 

not available. Because the analytical figuies reported from difierent lab- 
oratories often vaiy considerably, rather arbitrary decisions had to be made 
as to the values adopted Table III shows the values chosen and gives an 
estimate of the amino acid composition of five of the diets used In Diet 
CD not only t\ere the methionine and cystine balanced exactly on Diet GA, 
but the essential ammo acid supplements Mere increased correspondingly, 
thus giving t\\ o casein levels (10 and 40 per cent) at which equi\ alence in 
this respect was approximated 

The percentage composition of the basal diet (referied to in Table II as 
Diet 0) Mils gelatin- 35, beef dripping 40, sucrose 18, salts o (McCollum 

* Tins Koliitin rontained I 02 per rent methionine and 0 01 per cent r 3 «tino 
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Salt Mixture 185 (38)), agar 2, cod liver oil concentrate’ 0.015. When 
Series 6 was later added, a new basal diet was required to control it. This 


Table III 

Amtno Adda in RepTesenialive Diets 


Calculated in mg. per 100 gm. of the diet from data in the second and fourth 
columns and the supplements Usted in Table U.* 




CosapotiUon assmed 




Diet No 



Amiso acid 


C&sein 

GcUtin 






Bibliographic 
relcteoce Ko 


^pbic 

rtJcr- 

eoccNo 

lA 

tB 

IC 

6A 

6D 

Glycine. . 

P€r ctni 

0.5 

(17) 

fCT €tnt 

27.0 

(30) 

6800 

9400 

8610 

' 200 

7B90 

Alanine 

5 6 

(18) 

9.2 

(31) 

2850 

3200 

2930 

2220 

2720 

Serine 

7.5 

(19) 

3.3 

(32) 

1580 

1150 

1050 

3000 

BSD 

Threonine 

3.9 

(20) 

1.4 

(33) 

740 

490 

760 

1560 

1480 

Vahne 

6.3 

(21) 

2.6 

(21) 

1260 

870 

1590 

2520 

3310 

Leucine.. . . 

9.3 

(21) 

3.3 

(21) 

1760 

1150 

1050 

3720 

980 

Isoleucine 

6.1 

(21) 

1.7 

(21) 

1040 

590 

840 

2440 

1700 

'Aspartic acid . 

6 7 

(22) 

3.4 

(34) 

1520 

1180 

lOSO 

2680 

1010 

Glutamic " 

24 2 

(23) 

5.8 

(34) 

3870 

2020 

1850 

9680 

1720 

Arginine 

4 1 

(24) 

8 9 

(24) 

2640 

3100 

2840 

1640 

2640 

Histidine . 

2.4 

(25) 

0 9 

(25) 

470 

310 

290 

960 

270 

Lysine . 

7.3 

(25) 

5.1 

(25) 

2000 

1770 

1620 

2420 

1510 

Cystine 

0.49 

t 

0 04 

t 

57 

69 

58 

196 

195 

Methionine 

2 93 

t 

I.O 

t 

643 

642 

542 

1172 

1167 

Phenylalanine . 

5.2 

(25) 

2.6 

(35) 

1170 

900 

830 

2080 

770 

Tyrosine .. . 

6.4 

(26) 

0 

(34) 

640 

0 

0 

2560 

0 

Tryptophane 

2.2 

(27) 

0 

(34) 

220 

0 

220 

8S0 

sso 

Proline . . . 

8 0 

(28) 

17.6 

(36) 

5IS0 

6090 

5590 

3200 


Hydroxyproh'ne 

0 

(28), (29) 

14 7 

(37) 

3680 

5110 

4690 

0 

4350 


•For example, the methionine content of the diets is calculated as follows: m 
Diet lA 293 mg. from 10 per cent casein plus 250 mg. from 25 per cent gdatin, 
totaling 513 mg., in Diet IB 348 mg. from 34.8 per cent gelatin plus 194 
supplement, totaling 542 mg.; in Diet 1C 319 mg. from 31.9 per cent gelatin plus 
223 mg. in the supplement, totahng 542 mg. 
t Unpublished analysis (J. M. R B.). 


diet (referred to as Diet 7) contained gelatin 40 and sucrose 13, but was 
otherwise the same as Diet 0. . 

The following B xitamins were injected subcutaneously daily in 0 5 cc. o 
phj'siological saline: 25 7 of thiamine chloride, 20 7 of pyridovine, 20 7 n 

’ Obtained from Aj erst, McKenna and Harrison, Ltd , Montreal It contains 
50,000 i.u. per gm. of vitamin D and 500,000 i.w. per gm. of -ritanun A. 
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riboflavin, 100 y of calcium pantothenate, and 100 y of nicotinic acid. 
Supplements of casein (Labco, fat-free, vitamin-free), methionine, cystine, 
and essential amino acids were given at the expense of the gelatin, as de- 
scribed in Table II. All diets within each series were balanced exactly 
vith respect to total methionine and cystine content. 

The major dry ingredients of the diets were mixed by hand and the minor 
ingredients were incorporated as follows; Each one was groimd in a mortar 


Table IV 

Effect of Diete on lAoer and Body WeighU and on Liver Fat 


Fifteen rats were placed on each diet (except Diets 2A, 2B, 4A, and 4B, for which 
ten rats were used) for 21 days. 


Diet No. 

InitUl freight, average 
and range 

Change In 
weight 

Food 

consumed 

Weight of 
mout liver 
(average) 

Crude Uver 
fatty adds 
(average) 


cm- 

percent 

cm. Per rat 
per day 

cm- 

gffl. 

0 

176 (14&-209) 

-26.6 

7.0 

6.33 

1.28 

lA 

183 (116-213) 

-6.2 

6.9 

8.32 

2.13 

IB 

174 (117-216) 

-27.2 

6.9 

6.81 

0.73 

IG 

183 (126-226) 

-11.1 

7.1 

9.73 

2.98 

2A 

182 (117-198) 

-6.2 

7.1 

7.71 

1.66 

2B 

167 (139-230) 

-30.6 

6.7 

6.41 

0.60 

3A 

J88 (123-202) 

-4.6 

7.1 

6.63 

0.73 

3B 

175 (138-236) 

-27.3 

6.8 

6.67 

0.60 

30 

185 (154-213) 

-14.1 

7.0 

6.74 

1.11 

4A 

182 (127-198) 

-3.0 

7.2 

6.63 

0.67 

4B 

164 (149-215) 

-24.2 

7.0 

5.77 

0.72 

5A 

188 (127-207) 

+1.3 


7.13 

0.61 

5B 

176 (133-220) 

-26.7 


5.72 

0.57 

5C 

184 (134-226) 

-7.8 


6.83 

0.80 

6A 

178 (119-247) 

+9.3 


7.24 

0.48 

6B 

176 (117-244) 

-29.2 

6.6 

5.38 

0.40 

6C 

181 (112-254) 

-7.6 


6.94 

0.78 

6D 

183 (119-254) 

-16.6 


6.10 

0.69 

7 

1 179 (107-235) 

-33.2 


4.89 

0.50 


with a small portion of the dry mixture and the resulting powder was sifted 
through a 40 mesh screen over the main bulk of the diet, which was then 
blended thoroughly. The cod liver oil concentrate (dissolved in petroleum 
ether) was sprayed over the dry ingredients and mixin g was continued until 
the solvent had evaporated. The complete dry mixture was incorporated, 
with vigorous agitation, into the melted beef dnpping, and stirring was 
continued until the mass solidified. The diets were freshly prepared at 
about 7 to 10 day intervals and were stored in closed containers in a 
refrigerator. 
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Groups of rats (usually fifteen) of the Wistar strain, weighing from 107 
to 254 gm., were placed on the test diets for 21 days. The rats in Groups 
A and C of each series were pair-fed with those of Group B in the same 
series. Group B was started 3 days ahead of the other groups and 3 day 
averages were used in determining the food to be given to Groups A and C. 
Usually an extra 0.5 gm. of the diet was offered daily to each of the pair-fed 
rats on Diets A and C to correct for the variable amount scattered. The 
actual average food consumptions are given in Table IV. If one of the 
control rats (Diet B) died, the corresponding rats on Diets A and C were 
pair-fed noth the rat of closest weight on Diet B. The animals were killed 
by a blow on the head. Total crude liver fatty acids were determined in 
the usual way by saponification, acidification, and extraction with petro- 
leum ether (b.p., 30-60°). For brevity the material so obtained is referred 
to in Table FV as liver fat. 


DISCUSSION 

Attempts to compare the previous studies (8-11, 16) are complicated not 
only by the difference in the nature of the basal protein used and the differ- 
ent quantities of extra casein added, but also by the different vitaimn 
supplements given (c.p.. Best and Ridout supplied only thiamine chloride 
(“adequate amounts”), whereas Tucker et al. supplied the vitamin B com- 
plex as yeast tablets). The data here presented, covering the ranges of 
dietary casein used by the several groups of workers, offer a constant 
nutritional background ivith respect to total protein and vitamins, enablmg 
comparisons to be made across the rows and down the columns of Table 1 • 

Fig. 1 shows graphically all the values obtained by the analysis of t e 
individual livers. The variation and the mode are easily seen by inspection, 
thus making possible a better assessment of the significance of any 
ences between the mean values reported in Table IV. Four values whic 
were far removed from the others in their respective groups are shown. 
The failure to join them by a solid line to the other points for the same 
indicates that they were not used in calculating the averages given in ap e 
IV. Fig. 2 depicts the mean values obtained for liver fat (total crude a y 
acids plus sterols) on the several diets used and shows the relative lipo ropi 
effects over the whole range studied. ,i 

The liver fat values of the basal groups (Series 0 and 7) were ^ 

low in view of the results of Best et al. (3) and of Beveridge et al. ( 5 ' 
found that gelatin, when fed at a level of 20 per cent, exerted no 
strable lipotropic effect. It should be recalled that Series 0 to 
at a different time from Series 6 and 7 and hence any j^^j^ase 

them must be made with reservations; nevertheless, the mar ® ® 

in fiver fat produced by increasing the dietary gelatin from 35 to , 

is noteworthy. Although gelatin alone (at a 20 per cent dietary e 
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Fig, 2. Effect of various diets on liver fat (mean values for total crude 
fatty acids expressed as per cent of moist liver -weiglit). Curve A shows the 
liver fat values obtained on diets containing 35 per cent of total protein (gelatin) 
with increasing quantities of casein. Curve B shows liver fats on corresponding 
diets containing the same total protein (supplied as gelatin) with quantities of 
methionine and cystine added to give exact equivalence at each abscissa. Curve 
C, same as Curve B, with supplements of essential amino acids, as described in the 
text. Point D, same as Curve C; see the text. 

mitted a large accumulation of fat in the liver, Channon ei al. (13) have 
shown that increasing amounts of gelatin added to a diet containing 8 per 
cent of egg albumin exert a progressive but limited action in decreasing 
liver fat. 
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The results on the Group A diets confirm previous reports that increasing 
the casein content of high fat, low choline diets occasions a progressive 
decrease in the liver lipids. The decrease is most marked between casein 
levels of 10 and 20 per cent, but an effect is noted up to the 40 per cent level, 
although even this quantity of casein does not bring the liver fat down fo 
normal on these diets. 

The average liver fat in the rats on the Group B diets is never very high, 
but the variation on any one diet is considerable, and there is no clear cut 
progressive decrease in liver fat -with increasing dietary methionine, as is the 


case when comparable quantities of casein are fed (see Pig. 1). 

Comparison of the results in Groups A and B reveals that at the 10, 15, 
and 20 per cent casein levels free methionine causes a greater lowering of 
liver fat than does a correspondmg amount fed in casein (confirming Tucker 
et al.), but that at 25 and 35 per cent casein levels the casein-containing diets 
produce the greater lipotropic effect (confirming Best and Ridout). The 
curves in Fig. 2, which intersect at about 22 per cent casein, indicate that 
at this level and again at about 40 per cent the lipotropic effects of the two 
types of diet are about equal. 

Although Diets A and B in each series were equalized as far as fat, total 
protein, and methionine and cystine were concerned, the diets of Group A 
contained reasonable quantities of the essential amino acids (supplied 
/ by the casein), while those of Group B lacked tryptophane entirely and 
were grossly deficient in valine, isoleucine, and threonine. When these 
defects were approximately corrected in Diets 1C and 6D and partially cor- 
rected in the other diets of Group C (in which the essential amino acids 
were kept constant throughout at levels approximately equivalent to those 


in the diet containing 10 per cent casein), the addition of increasing 
amounts of methionine lowered the liver fat progressively, based either on 
absolute weight of liver fat or on liver fat expressed as per cent of wet 
weight of the organ. The progressive decrease in liver fat with increasing 
amounts of the lipotropic factor, noted in the Group A diets but absent from 
those of Group B, is again clearly demonstrated in the Group C diets. 

Comparison of the results of feeding Diet C with those from Diet B o 
each series reveals that, when a ration lacking or deficient in essentia 
amino acids is supplemented with the quantities of these considered news 
sary to maintain weight in rats, the lipotropic effects of these diets are mim 
mized and in some cases obliterated.^ These results, confirming the 


* Similar diets containing 10 per cent casein and'25 per cent gelatin, w 
libitum, sufficed to prevent loss in weight, as mentioned earlier (foo^no ^ 
sibly due to the restricted food intake, the animals on the Group C die s ^ 
maintain their weight, but the extensive losses noted on the Group N 
considerably reduced. 
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ings recently published by Beveridge cl al. (14), emphasize the importance 
of the nutritional adequacy of diets used in comparative studies of the lipo- 
tropic factors. 

Increasing the quantity of the essential amino acids from those in a 10 
per cent casein diet to those in a 40 per cent casein diet did not affect the 
liver fat appreciably (compare Diets GC and 6D, Fig. 1). 

Comparison of Curves A and C in Fig. 2 shows that all the groups that 
received the essential amino acids as supplements to the methionine plus 
gelatin diets had consistently higher liver fat levels than those on corro' 
sponding diets containing casein. These observations lead one to suspect 
that some lipotropic substance other than methionine occurs in casein, or 
that the synthetic amino acid preparations were antilipotropic, due either 
to the presence of some impurity or to the action of the unnatural forms of 
valine or threonine which were used. 

In connection with the first suggestion, it should be noted that in the diets 
containing casein (Group A) one amino acid is present which is absent from 
those of Groups B and C. This amino acid is tyrosine. It is of consider- 
able interest, therefore, to recall that Channon ei al. and Beeston and Platt 
(9, 39) have suggested the possibility that tyrosine lowers liver lipids. 
More recently they have reported (40) that a diet containing methionine 
plus tyrosine gives a greater lipotropic effect than does either one alone. 
The evidence which they have presented is suggestive but not convincing. 
However, considering it in conjunction %vith the data here reported, there 
is obviously need for clarification of the point. It may be signifieant, in 
connection uath the aboi'e diets, that casein contains a considerable amount 
of tyrosine, while the gelatin used in the basal ration has none. Experi- 
ments to examine the lipotropic action of tyrosine are being undertaken in 
this laboratory. 

Some support for the second possibility appeared in a paper by Albanese 
and Irby (41), who reported that on a certain diet containing only essential 
amino acids (supposedly in the proportions found in casein) as the source of 
nitrogen the growth of young rats was subnormal; the mixture was inferior 
to a comparable amount of casein, or of casein hydrolyzed by acid or by 
pancreatic enzymes. They beh’eved there was some evidence that the 
nutritive inadequacy of the essential amino acid diet may be due, at least 
in part, to the effects of the unnatural forms of certain amino acids, the non- 
utilizable enantiomorphs of which were postulated to be toxic. However, 
Kinsey and Grant (42) in a similar study obtained good growth at almost 
the same dietary level of total amino acid mixture. Several differences are 
apparent in the diets used and one or more of these may be of importance 
to the problem in hand. The fat component of the basal diet of Albanese 
and Irby consisted of cod liver oil and Crisco, at levels of about 4.5 and 17.5 
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per cent respectively. Kinsey and Grant fed cod liver oil and corn oil at 
levels of 2.0 and 10.0 per cent respectively. The former workers fed brew- 
ers' yeast ; the latter supplied the B vitamins as pure compounds. Further, 
the ratios of the essential amino acids fed were quite different in the two 
cases, and it is possible that isoleucine was deficient in the diet used by 
Albanese and Irby. The more recent findings of IGnsey and Grant, con- 
firming Rose (43), seem to be stronger evidence for the non-toxicity of the 
uimatural enantiomorphs than does any evidence advanced in support of 
the idea of a toxic effect. There may be some imbalance of the essentia! 
amino acids in our diets, which like those of Albanese and Irby were 
designed to simulate the ratios in casein. Their diets, like ours, are high 
fat diets and, like ours, lack tyrosine, which may under these unusual 
dietary conditions be an important factor. The problems raised by the 
findings mentioned are of interest and will be investigated. 

Beveridge ei al. (14) and Homing and Eckstein (16) have compared the 
lipotropic effects of free methionine and equivalent quantities fed as casein 
in both young and adult rats. They found that free methionine was almost 
equally effective in reducing liver fat in both age groups, but that casein (at 
) the level fed) was lipotropic in the adult rats only. The probable explana- 
tion for these findings is that the amount of protein in the casciR-suppk- 
mented ration supplied enough methionine for maintenance of adult rats 
and left some over for lipotropic action, but in young rats the quantity of 
methionine required for growth left little or none for other purposes. 
However, the diets containing equivalent amounts of melhionine (fed as 
free amino acid), being deficient in essential amino acids, did not pernut as 
much growth in young rats and more methionine would thus be left fw 
lipotropic action. This explanation (which is similar to one suggested 
originally by Griffith and Mulford (44), although theirs is stated in some- 
what more general terms) is supported by the data in the present paper as 
well as by those in several others (11, 14, 16) previously mentioned. 

The animals in the experiments here reported were pair-fed and uere 
ingesting not only equal weights of food but equal quantities of proton (or 
amino acid) nitrogen; yet the casein-fed rats more or less retained o 
initial weight, or even gained, while those getting only the equiva^^ 
amount of methionine (and cystine) lost from 24 to 30 per cent in 
The deficiencies of essential amino acids appear to jn 

ciency (and probably changed the character) of the protein meta o 
such a manner as to leave more dietary methionine free for lipotropm , 
In other words, the total nitrogen intake and the adequacy^ (or ina equ 
of the sulfur-free essential amino acids both play a part in 
amount of methionine used for general metabolic purposes 
or maintenance), and thus limit the amount av'ail.abJc for ipo m 
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and to another group corresponding amounts of methionine and cystine as 
free amino acids, are accounted for by the finding that different results are 
obtained at different dietary levels of casein: below 22 per cent the free 
amino acids exert the stronger effect; above 22 per cent, the casein diet is 
more lipotropic. 

2. The apparently superior lipotropic effect of free methionine over an 
equal quantity bound in casein (at casein levels below 22 per cent) is obliter- 
ated when the quantities of the essential amino acids in the two diets under 
comparison are made approximately equal. Thus the lipotropic effect of a 
diet is determined not only by its content of sulfur-containing amino acids 
but also by its adequacy in other respects. 

3. The lipotropic activity of a protein is determined not only by its 
methionine and cystine contents, but also by the nature and quantity of the 
sulfur-free essential amino acids in the protein. These amino acids do not 
act directly, but through their well known influence on growth and main- 
tenance they influence the formation of new tissue, thus modif 5 ring the 
amount of methionine left available for lipotropic action. 

4. Some evidence is presented for tbe existence in casein of a lipotropic 
factor other than methionine. Indirect evidence suggests that tyrosine 
may be involved. 

The writers are deeply indebted to Professor C. H. Best for valuable 
criticism and advice during the preparation of the manuscript. The work 
was supported in part by a grant from the Banting Research Foundation 
to the Banting and Best Department of Medical Research. 
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of^pplementery cystine. Once the sulfur deficiency has been made good, 
further Editions of cystine are without effect. The cystine supplement, 
by improving growth and stimulating metaboUsm, brings to light defi- 
ciencies previously unrecognized in the diet. With regard to the apparent 
antipotropic effect of cystine, Griffith and Mulford (44) have commented 
that _ the deposition of liver fat or the appearance of renal hemorrhage in 
experiments in which a dietary supplement increases the consumption of 
food or the rate of growth is not necessarily evidence of a direct antagonism 
bet'ween choliBe and the dietary supplement*” 

Thus Griffith has consistently maintained that factors other than the 
inet lomne-cystine ratio are important in establishing the lipotropic activity 
o a et, and of these other factors he attributes particular importance to 
the adequacy of the ration. 

Most of the facts presented in this report and in the papers referred to 
seem to be explained by a relatively simple hypothesis; viz., that the amount 
o etary methionine available for lipotropic action is limited to that por- 
tion not utilized by metabolic processes of apparently higher priority, such 
as p'owth or maintenance. The amount required for these non-Upotropic 
actmties is dependent upon the total protein intake and is further modified 
by the adequacy of the essential amino acids supplied in the diet. If the 
a ove hj'pothesis is accepted, it follows that the guanltty of any protein fed 
and the nature and amount of the sidfur-free essential amino aads in the pro- 
tem,^ as well as its methionine and cystine content, will influence its lipo- 
tropic activity because of their effects upon growth and maintenance. 

The conrtant use of one protein (e.p., casein) in the basal diets may ob- 
scure the issue or delay the solution of the problem. It was therefore 
decided to conduct similar experiments with other proteins. Arachin, a 
globulin from peanuts, which is very low in methionine (50, 51) but other- 
wise adequate for grou'th (52), was selected. 

Recently a report (53) has appeared which describes the use of arachin 
in a study of the lipotropic effect of methionine. The data published do not 
answer all the questions in which we are interested, but they do agree with 
many of the facts presented here and support the hypothesis presented in 
this paper concerning the r61e of the essential amino acids. 

Whfle the data here reported may not resolve all the anomah’es to be 
noted in previous attempts to explain the varying lipotropic effects of differ- 
ent proteins, they do account for some of the difficulties and point the wa) 
for further research. 


BUMilAET 

1. Discrepancies in previous attempts to account for the lipotropic effect 
of casein, by feeding to one group of rats a certain amount of this protein 
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The great interest in the enzj’mes which promote the metabolic changes 
undergone the nucleic acids arises from the obvious importance of the 
latter. For further knowledge of these enzymes convenient methods for 
their assay are desirable. Such a method has recently been developed by 
Bain and Rusch (1) for ribonucleinase, the enzyme -which catalyzes the 
depolymerization of ribonucleic acid with the formation of mononucleo- 
tides (2). This method has been used in the present studies to assay the 
blood, blood cells, and plasma, and the spleen, pancreas, and bone marrow 
of rat and rabbit. Some of the factors affecting the reactivity of the 
substrate nucleic acid are pointed out. Solubility studies of the nucleic 
acid before and after being acted on by the enzjune in blood show that the 
nucleic acid has been depolymerized. 

Procedure 

Preparation of Ribonucleinase — The enzyme for standardizing the test 
was crystallized twee from ammonium sulfate by the method of Kunitz 
(3). A solution of the crj’’stals was dialyzed free of ammonium sulfate and 
the concentration determined from the nitrogen content (3). The stock 
solution containing 1 .90 mg. of enzyme per cc. was stored over chloroform 
at 7°. 

Preparation of Ribonucleic Acid — Several commercial brands of yeast 
nucleic acid were employed. They were purified before use by preparing 
a 10 per cent solution by neutralization with NaOH, clarifying if necessai^' 
by centrifugation or filtration, precipitating wth 5 volumes of glacial acetic 
acid, and washing the precipitate successivelj’^ with water, /O per cent 
ethyl alcohol, 95 per cent alcohol, and ethyl ether. Nucleic acids purified 
in this manner were usually about twee as reactive wth ribonucleinase as 
were the originals. Precipitation with acetic acid increases the activity 
of the nucleic acid by reducing the content of mononucleotides which have 
an inhibitory effect on ribonucleinase (4). In one instance a sample of 
nucleic acid was encountered which contained copper. The copper ac- 
companied the acetic acid precipitate and was concentrated to such an ex- 
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the wet surfaces of the flasks. Tipping was facilitated by placing a glass 
rod approximately 2.5 mm. in diameter on the bottom of the flask over 
which the cup could be tipped. The volume occupied by the cup and rod 
(maximum total 0.80 cc.) was determined in a ivide mouthed pycnometer 



Fig. 1. Hate of carbon dioxide evolution in relation to concentration of ribo- 
nucleinase. 185 mg. of nucleic acid were used as the substrate. 

and the flask constants recalculated. The nucleic acid (0.5 cc. of about 
30 per cent concentration) was placed in the cup and the main part of the 
flask contained the fluid to be analyzed, the NaHCOs buffer, and saline 
to make a volume of 3.5 cc. 

After the usual equilibration was performed, the substrate was tipped 
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readings taken until a steady rate was reached. Data obtained in this 

S™ Sd\iS"e”S and for rabbit and rat blood, 

Senitude nf t/ substrate nucleic acid present. The 

\ retention correction is shown by the follomng data 

system 70 constants: gas liberated from unbSered 

S2m^’ S ’ h ^ “"“d. 5G c.mm.; ivith 1.0 cc. of 

&rn S “• (diluted with 0.85 per cent 

NaCl to the vc^ime of blood from which they were taken), 34 c.mm.; 

retSti’^ blood, 33 c.mm. Flask constants which correct for this 
hirffpJnS S from the ratio of the COj released from the un- 

test <!vqt ^ nianometer readings obtained with the buffered 

fnr +hQ 71 i-t^ obtained with individual flasks were calculated 

limp h j flasks, which ranged from 14.0 to 15.6 cc. in total vol- 

Km"' f+v. ^ cf Bain and Rusch (1). The constants were plotted 

a 1 T+ii ^ flasks instead of the gas volume used by these 

I constants for any fluid volume were readily obtained from 
dask constants and the fluid volume (6). Variation 
in Vi^ cring capacity (protein, cells, etc.) of the blood would be reflected 

vai ® retention constants; however, for many purposes average 

values are satisfactory. j i' ^ 

Assay of Bhod and Tissues — In performing the assays a control flask 
was prepared to which no nucleic acid was added. With whole blood the 
re ease o piobably due to glycolysis, was on the average 72 c.rani. 

^ VI. 1 ’ vdth cells this correction was about half as great and 

with plasma negligible. 

The results of the assays for rat and rabbit shown in Table I are in gen- 
eral parallel. 


n or ei to be sure that the gas liberated from the reaction of the blood 
an nuc eic acid represented a breakdown of the nucleic acid (2, 3), the 
increase in the acid solubility of the substrate nucleic acid was studied. 

M experiment was set up vdth rat blood (1.0 cc. of 0.1 

o^QK^ ^ ^ fl®'' ®®rit nucleic acid, 1.0 or 2.0 cc. of blood, and 

per cent NaCl to make 3.5 cc.). The activity was 106 c.mm. per l-O 
cc. per lour, after correction for the metabolism of the control of lOe 
c.mm. per 1.0 cc. per hour. The experiment was continued for 2.2 hours, 

. cc. of 30 per cent nucleic acid was then added to the control flasks, and 


, j capacity of the cup or of the side arm \i'as not sufficient to hold the amount 
of oloou required for the best performance of the test. Also in instances in 
the blood was added from the side arm the large amount of O- evolved from the 
hemoglobin in the presence of the NaHCO, left little room remaining in the manoni- 
eter for the assay. 
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all lyerc immediately diluted to contain 10 mg. of nucleic acid per cc. and 
precipitated wth an equal volume of 0.64 n trichloroacetic acid ‘ The 
temperature of the mixtures was 24° (7). The mixtures were centrifuged 


Table 1 

Ribonuclcinasc Aclinly cf Blood, Plasma, and Blood Cells of Ral and Rabbit 

n^' ''"f o ^^ult animals was collected in a tube 

did noHLef tL •'’r “"*■ ‘=‘=- The oxalate 

calcii^ ov^l i ? yv|th crystalline ribonucleinase. A precipitate, probably 

of M ^ .1 r ^ u P" NaCl to the volume 

01 the blood from wliieh they were taken. 



Blood 

Plasma 

Cells 


Ko. of 
samples 

Range 

Average 

No. of 
samples 

Range 

Average 

No. of 
samples 

Range 

Average 

Rat 


1 84-204 

126 

8 

30-84 

42 


36-84 


Rabbit. . . 


5 I 

60 

3 

24-144 

78 

2 

8-25 

16 

3 

36-96 

66 


Table II 

Ribonucleinase Activity of Tissues from Rat and Rabbit 
th “arrow ’iias obtained from the bones of the hind legs. In the case of 

e rabbit a 0.5 gm. sample n-as removed from the end portion of the femurs. The 
pancreatic tissue was difficult to sample, especially so from the rabbit. The mineed 
“ water (100 mg. per 1.0 cc.) and broken up in a homogenizer 
1 Ireatraent in a sonic oscillator, frequency about 10,000 cycles per second, for 
minutes effectively dispersed the bone marrow butwas not satisfactoryfortheother 


The results are expressed in c.mm. per mg. (wet weight) per hour. 



Bone marrow 

Spleen 

Pancreas 


No. of 
samples 

Range 

Average 

No. of 
samples 

Range 

Average 

No. of 
samples 

Range 

Average 


2 


5.4 

4 I 

3.5-5.51 

4.5 


9.9-27.2 






4 

8 


1.5 

6 

2.9-9. 0 

4.7 

3 


2.4 


for 10 minutes and the supernatant fluids analyzed for phosphorus. The 
control solution was found to contain 0.090 mg. of acid-soluble phosphorus 

. Preliminary experiments had shown that the concentration of trichloroacetic 
gave the same final pH and precipitated the nucleic acid as effectively 
as .5 N HCl (7) . This acid was preferred to HCl because it precipitated the blood 
pro eins as well as the undecomposed nucleic acid. 
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per CO. (total phosphorus = 0.391 mg. per cc.), whereas the solution digested 
with blood for 2.2 hours contained 0.172 mg. of phosphorus per cc., repre- 
senting a 27 per cent increase in the solubility of the nucleic acid per cc. of 
blood. Thus the breakdown of nucleic acid, assumed to be the cause of the 
evolution of CO 2 , had taken place as a result of the action of the blood. 
Under the same conditions 4 -y of ciystalline ribonucleinase were required 
to produce a similar increase dn the solubility of the nucleic acid. 

The ribonucleinase activity found in some of the tissues of the rat and 
rabbit is shown in Table II. 


DISCUSSION 


The evolution of CO 2 obtained per unit of enz 3 Tne (Fig. 1) is about 50 
per cent greater than the results reported by Bain and Rusch (1). Ths 
may be due to a difference in the substrate nucleic acid (4), although 
other factors may be responsible. Both sets of data should be increa^d 
about 25 per cent for the CO 2 retention by the substrate nucleic acid, 
an effect that apparently was not considered in the experiments of Bam 
and Rusch with the pure ribonucleinase (1). 

A significant amount of ribonucleinase is pre.sent in the blood of rat 
and rabbit, largely in the cellular portion. The approximately 3-fod 
variation in the assay values for a given tissue represents an animal di - 
ference, an explanation of which is not yet apparent Bain and Ruse 
(1) stated that ribonucleinase was present in whole blood of the rat bu 
they gave no quantitative results. These authors did report the n 0 ^ 
nucleinase content of various rat tissues. They found the activity 0 
pancreas to be 16.7 c.mm. per mg. per hour (range, 13.0 to 20.0, eight sM 
pies), of spleen to be 2.06 (range, 1.80 to 2.49, twelve samples). ® 
results shoivn in Table II for the latter tissue are somewhat higher, 
ribonucleinase in the bone marrow and pancreas of the rat is signinca i 
higher than that from the same tissues of the rabbit. Since the 
normal values has been established, the assay method will he used to s 
various induced pathological states in rabbit and rat which may sev 
the relation of the changes caused by this enzyme to other vital proc 


SOMMABY 

The ribonucleinase contents of the blood, plasma, and 
rat and the rabbit were determined. Most of the enzyme was 
in the blood cells. Assays were also performed on the bone marrow, 
and pancreas of the rat and the rabbit. Solubility studies ^ ® 
firming evidence that the nucleic acid is broken down by the bio 
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RIBONUCLEINASE 


11. MONONUCLEOTIDES IN COMMERCIAL RIBONUCLEIC ACIDS AND 
THEIR EFFECT ON RIBONUCLEINASE 

By CHARLES A. ZITTLE 

(From The Biochemical Ilesearch Foundaiion, Newark, Delaware) 

(Received for publication, July 25, 1945) 

Nucleic acids intended for use as a substrate for ribonucleinase have been 
purihed by precipitation -ndth glacial acetic acid (1-3), a procedure that is 
reported (3) to be essential for optimum reactivity of substrate and enzyme. 
It is suggested (3) that the poor results with the unpurified nucleic acid may 
be due to “decomposition products present in the crude nucleic acid.” 

Since many enzymes are inhibited by the products of their action, the 
effect of mononucleotides on ribonucleinase is of interest because they are 
formed when the enzyme acts on ribonucleic acid (4). The present studies 
have shown that the mononucleotides are inhibitory to ribonucleinase and 
that they are present in commercial nucleic acids prepared as the free acids, 
whereas the sodium nucleinate preparations are relatively free of the mono- 
nucleotides. A corresponding difference in the reactivity of the two types 
of preparation with ribonucleinase is encountered. 

Procedure 

The activity of ribonucleinase was determined by the manometric method 
recently developed by Bain and Busch (3). The enzyme was ririce crystal- 
lized and the nucleic acid was purified by precipitation vdth acetic acid 

Effect of Purification on Reactivity of Rihonucleio Adds The reactivities 
of the two types of commercial nucleic acids (free acid and sodium salt) 
wth ribonucleinase before and after precipitation ivith glacial acetic acid 
are sho^vn in Table I. The sodium nucleinate preparations had initiall 3 ’’ 
a high activity, compared with that of the free nucleic acid preparations, 
and precipitation wth acetic acid, in the one instance that it was per- 
formed, did not increase the activity. All the free nucleic acid samples, 
however, irith one exception, increased in reactivitj’’ 33 to 85 per cent on 
precipitation. 

The data in Table II show that the difference in behavior of the two 
types of preparation can be correlated with the content of mononucleotides 
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(solubility in the uranium chloride reagent) (6) and the less reactive* low 
polymer fraction (solubility in HCl and in acetic acid). 

The exceptional nucleic acid whose reacthitj' was not increased by pre- 
cipitation with acetic acid was Sample S. This nucleic acid gave poor 
yields on precipitation with acetic acid, indicative of a high content of the 
soluble mono- and tetranucleotides, and it was supposed that the precipi- 
tated material still contained mononucleotides which are shown later to be 

Table I 


Activity of Ribonucleinase with Vtipurified and Purified Nucleic Acids 


Sample* 

Ti'pc of 

preparation! 

Activity 

Increase ia 
activity from 

purification 

tlnputi5ed 

Purified 



c.mm. per y per hr. 

c.mm. Per y Per hr. 

per cenl 

p 

Free acid 

14.5 

26.9 

85 

EA, 

1C Cl 

18.5 

28.1 

52 

M, 

CC cc 

16.8 

23.4 

39 

E, 

cc cc 

16.1 

24.0 

49 

E. 

cc cc 

14.2 

18.9 

33 

S 

cc cc 

15.2 

14.0 

0 

EAi 

Sodium salt 

30.6 



EA, 

CC cc 

27.6 

25.6 

0 

Ml 

cc cc 

22.8 



M, 

Cl cc 

19.7 




‘These samples were obtained commercially: F, Pfanstiehl; M, Merck; E, Ess - 
man; S, Schwarz; EA, Eimer and Amend, 

fBoth materials when tested were in the form of sodium salts, since soluhons 
brought to pH 7.5 with EaOH were used. For these tests the side arm of War urg 
flasks contained 19 7 or 38 y of ribonucleinase (the activity was proportional to e 
amount of enzyme over this range; see Fig. 1 of Paper I); the main part of the ss ’ 
contained 1.0 cc. of 0.1 m NaHCOi, 185 mg. of nucleic acid in solution at pH 7. ,00 
water or 0.85 per cent NaCl to make the total volume after mixing 3.5 cc. s 
in this concentration had no effect on the enzyme. The flasks were 
37° with a mixture of 5 per cent COi-95 per cent N;. The enzyme was tipped 
readings taken at intervals and those betn een 5 and 20 minutes used for ca cu a 
the activities. 

inhibitor}'; subsequent experiments showed that this was not the ° 
the poor actmty. Data which might throw light on this 
presented in Table II. Study of the solubilities of the erude and pun 
nucleic acid in HCl and in the uranium chloride reagent showe 

* It is expected that weight for weight a tetranucleotide be 

than a polynucleotide, since the former would contain three bonds a 
opened by the enzj-me, whereas the same bonds in the latter would approa 
a maximiun. 
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nucleotides were present but did not explain the unusual behavior of puri- 
fied Sample S. Sinee the recovery with glacial acetic acid was exception- 


Tadle II 

Solubility of Nucleic Acids in Various Acids 


Simple 

Type o( i 

preparation* j 

1 

Solubility in 
uranium chio* 
ride reagentf 

Solubility in 
0.25 nHCU I 

Solubility in 
acetic acid 

^faterial lost 
in purifying 
with acetic 
acid$ 



fer cent | 

Per cent 

Per cent 

per cent 

P, crude 

Free acid 

15.1 

53.2 


60 

“ purified 


3.8 j 

17.6 

19.1 


M,, crude 

<( ii 


45.3 


55 

“ purified 



13.1 



S, crude 

it it 


51.2 


78 

“ purified 



17:8 

28.9 


El, crude 

it tt 

11.6 



36 

" purified 


! 1.4 




Es, crude 

it it 




75 

EAj, crude 

ti a 

5.1 

19.3 

45.1 

46 

“ purified 


1.0 

9.2 

20.1 


EAs, crude 

Sodium salt 

2.4 

40.111 

28.5 

19 

“ purified 


0.9 

II 

12.9 


Ml, crude 

1 <( it 

C.l 

31.311 

26.9 



The general procedure for determining the solubility was as follows: A 1 per cent 
solution of nucleic acid which had been adjusted with NaOH to pH 7.0 was precipi- 
tated with an equal volume of the uranium chloride reagent or 0.5 N HCl or 5 \-olumes 
of glacial acetic acid. The temperature was 23° (2). The last two were centrifuged 
immediately, the first after a lapse of 30 minutes (1). The nucleic acid solubility 
was based on the phosphorus in the original solution and in the supernatant fluids 
from the precipitate. The inorganic phosphorus in these preparations was inap- 
preciable; in crude Sample P for example, only 0.37 per cent of the total phosphorus 
was inorganic, and this was only 4.8 per cent of the phosphorus soluble in the uranium 
reagent. 

’All preparations when tested were in the form of sodium salts. 

tO.25 per cent uranium chloride in 2.5 per cent trichloroacetic acid (I). 

JThe procedure described by Woodward (2) was followed. 

§The purificatioivwas accomplished as described (5) by precipitation with 5 vol- 
umes of glacial acetic acid and washing the precipitate with ethyl alcohol and ether. 

II These experiments were not very satisfactory because of the colloidal nature 
of the precipitate which made a clean separation of sediment and supernatant fluid 
diSicult. All precipitates in HCl were colloidal to some degree, whereas the precipi- 
tates in both acetic acid and the uranium chloride reagent were gelatinous and 
readily sedimented in the centrifuge. 


ally poor, the behavior of purified Samples P and S with this reagent was 
compared. The solubility of purified Sample S in glacial acetic acid was 
somewhat high but not enough to explain its low activity'. Eventually it. 
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was found that crude Sample S contained copper which was sufficiently 
concentrated by the precipitation with acetic acid to exert an inhibitory 

effect," _ 1 -j 

Effect of Mononucleotides on Ribonucleinase ActivUy — Since the acid- 
soluble fraction of nucleic acid (mono- or tetranucleotides) appeared to be 
largely responsible for the poor activity of the crude nucleic acids, mono- 



Fig. 1. Effect of mononucleotides on ribonucleinase. The jcitl 

indicated was contained in the test volume of 3.5 cc., with 140 o Cun'e 3. 
present. Curve 1, adenylic acid; Curve 2, mixture of mononuc 
guanylic acid. The curves were calculated from smooth curves throng ^ j ^ odo - 
points and the COj retention curves for the same concentration ran 
nucleotides. 


nucleotides were added to the test system containing the pun 
acid. The solution of mononucleotides was prepared by a a me 
of purified nucleic acid* and neutralization ivith acetic acid. ® 


I Zittle, C. A., unpublished work. nucleic acid witb 

» The mononucleotides were prepared by hydrolysis o 
MaOH at room temperature for 24 hours (7). The hydro y®^ ® flocculent pr®' 
tralization with acetic acid and removal of a variable amo 
cipitate which appeared on neutralization. 
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effect of this solution on ribonuclcinase is shomi in Fig. 1 where the moles^ 
of substance added are plotted against the percentage of inhibition. The 
data have been corrected for CO* retained (5) by the buffering action of 
the substances under study and it was found that sodium acetate in excess 
of the amount in the mononucleotides had no effect on the ribonucleinase. 
Purified adenylic and guanylic acids were inhibitory (Fig. 1), as would be 
expected since the}’’ are component nucleotides of ribonucleic acid. 


DISCUSSION 


All the commercial nucleic acids (free acid) in the crude state had about 
the same reactivity with ribonucleinase but there was greater variability in 
their behavior after purification. In one instance in which no increase 
in reactivity was obtained the presence of copper was found to be the cause 
(5).’ This may be a contributing factor in the reactivity of some of the 
other samples but the predominant effect is that due to the inhibitory 
mononucleotides and the less reactive tetranucleotides. Small differences 


in activity, shown in Table I, cannot be explained by the data in Table II. 
The precipitations by HCl and by acetic acid are influenced by salts (1), 
and inhibitory substances other than copper may affect the reactivity of 
the enzyme; however, in general, when the copper content is low, solubility 
in these reagents will give a good measure of the reactivity with ribonuclein- 
ase to be expected. Unfortunately products from the same manufacturer 
are not always uniform. This is brought out by a comparison of Samples 
El and Ej in regard to material lost in purification (Table II) and reactivity 
before and after purification (Table I). 

The nucleic acids prepared commercially as the sodium salts have con- 
sistently been more active than those supplied as the free acids and are 
about as reactive as the latter after purification. Apparently the method 
of manufacture of the sodium salt gives a product of low nucleotide content 
and this is confirmed by the solubility data. The superior quality of 
purified Samples EAi and EAs may be due to a higher degree of polymeriza- 
tion, as well as low mononucleotide content, for their solutions were veiy 
viscous and jelled in a 30 per cent solution at 7°. 

The effect of mononucleotides on ribonucleinase is probably a competitive 


inhibition, an interpretation which is supported by the shape of the inhibi- 
tion curves. The hyperbolic type of inhibition-concentration curve is 
encountered when an enzyme is inhibited by the formation of a dissociable 
inactive compound with the inhibiting substance and is characteristic of 
competitive inhibition. This type of curve is well illustrated by the 
inhibition of invertase by monosaccharides (8) and the inhibition of cholin- 


^ The number of moles in the solution of mixed nucleotides was calculated from the 
average molecular weight of the four mononucleotides. 
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esterase by prostigmine (9). These inhibition cui-ves are rectangular 
hyperbolas described by the follomng equation, E' jE ~ 1/1 + J/i: (8), 
where E is the activity of the enzyme without inhibitor, E’ the actiiity with 
it, I the concentration o'f inhibitor, and k the dissociation constant of the 
inactive inhibitor-enzyme combination. This can be put in the form (B - 
E')k — E'l, for determination of k bj’’ plotting E ~ E' versus E'l. The 
data for guanylic and adenylic acids as well as the data for the mixture of 
mononucleotides up to a concentration of 12 X 10“® mole are in fair agree- 
ment with this equation. 

An added compound may competitively affect the enzyme activity in two 
different ivays (8): the actunty may be equally reduced at all substrate 
concentrations, in which case, presumably, the inhibiting substance united 
with the enzyme is not displaced from it by the substrate, or in the other 
case, the inhibiting substance produces a far greater effect in weak than in 
strong substrate solutions. The effect of mononucleotides is of the first 
type. The data recorded in Fig. 1 are for 140 mg. of nucleic acid; the per- 
centage inhibition, however, with 92 mg. of nucleic acid is about the same. 
With the mononucleotide mixture, for example, at 24.G X 10"® mole, the 
inhibition was 05 per cent for the higher concentration of nucleic acid com- 
pared with 09 per cent for the lower. Also with 9.0 X 10"® mole of guanylic 
acid the fractional activity was about the same for the two concentrations 
of nucleic acid. 

Kunitz (1) has observed that even with maximum digestion of nuolac 
acid only 40 per cent of it had become soluble in the uranium chloride 
reagent; f.e., had been broken down to mononucleotides. This ohsen'ation 
has been confirmed in these studies and it was thought that the inhibitory 
effect of mononucleotides might be the explanation. Experiments wte 
will be reported later have shown that this cannot be the explanation of t e 
abrupt termination of the digestion at the 30 to 40 per cent level. 

SUMMARY 

The difference in reactivity between the two types of commercial 
acid preparations (free acid and sodium salt) with ribonudeinase has 
correlated with the difference in mono- and tetranucleotide content, 
increased reactivity of the free acid with ribonudeinase after preoipi 
with acetic acid has been ascribed to the removal of these substances, sin 
ribonudeinase was inhibited by a mixture of mononucleotides, by a 
and by guanylic acids, and since the tetranucleotides are expected e 
reactive than a polynucleotide. The inhibition of ribonucleinose y 
nucleotides was probably due to the competition of the ^ gg^ie 

with the substrate for the enzyme. This inhibition was abou 
with several different concentrations of nucleic acid. 
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THE COLORIMETRIC ASSAY OF URINARY 
CORTICOSTEROID-LIKE SUBSTANCES* 

Bt NATHAN B. TALBOT, A. H. SALTZMAN, R. L. WIXOM, 

AND JOHN K. WOLFE 

(From IhcDepartmenl of Pediatrics, Harvard Medical School, and the Children’s Medico’ 
Service, Massachusetts General Hospital, Boston) 

(Received for publication, June 26, 1945) 

It has been demonstrated that human urine contains substances which 
resemble both in their chemical characteristics and biologic actions certain 
of the ll-ox 5 'corticosteroids which have been isolated from the adrenal 
cortex of animals (1-10). It has also been shoivn by biologic assays that 
these substances are excreted in increased quantities by postoperative, 
burned, or otherwise damaged persons (3, 8, 9). These findings appear to 
substantiate the thesis that the adrenal cortex plays a role in the defense of 
the organism against such stresses (11-13). 

The present paper reports investigations on the urinary corticosteroid 
output by normal and abnormal subjects as measured by a colorimetric 
assay procedure which is described here. With the exception of the final 
colorimetric determination, the analytic procedure used closely resembles 
that described by Venning, Hoffman, and Broivne (9). A method for the 
colorimetric assay of glucose (14) was adapted to meet the requirements for 
measuring corticosteroids. 

Reagents — ^All reagents are of c.p. quality. All apparatus is of glass. 
Stop-cocks are lubricated only with water. The chloroform, ethylene di- 
chloride, ethyl ether, and benzene used are purified by distillation in an 
all-glass distillation apparatus. The head and tail fractions of the distillate 
are discarded. The middle fraction of the distillate is tested for the 
presence of reducing agents as follows: A 150 cc. aliquot is evaporated to 
dryness. The residue is dissolved in 2 cc. of methanol. Of this solution 
0.5 cc. is assayed for reducing agents according to the analytic procedure. 
The galvanometer reading obtained should be 99 to 100. The reagents 
used in the colorimetric assay are prepared according to the directions of 
Nelson (14). Stock Copper Solution A is stored in a dark Pyrex bottle and 
is freshly prepared at 2 week intervals. 

Analytic Procedure 

Step 1 . Collection and Extraction of Urine — A 24 horn: sample of urine is 
collected ■without preservative. The urine is stored in a cool place during 

* This work was supported by a grant from the Commonwealth Fund. 

535 



536 


CORTICOSTEROID-LIKE SUBSTANCES 


collection and prior to extraction. Preferably within 1 or 2 days after tlie 
completion of the collection period, the urine is extracted by shaking four 
times ivith 15 volumes per cent of chloroform in a separatoiy funnel. The 
total quantity of chloroform used is recorded. 12 instead of 24 hour 
samples of urine may be used for patients who are exereting normal or ex- 
cessively high quantities of urinary corticosteroids. The combined chloro- 
form extract is often emulsified. Such emulsions are partially separated 
from the chloroform by centrifugation. That aliquot of the total 
chloroform which has been thus freed from emulsions is accurately mea- 
sured so that losses of chloroform (and hence of urinary steroid) in the 
emulsion may be estimated and a correction factor applied. The chloro- 
form extract thus measured is evaporated to dryness in a vacuum 
distillation apparatus at a temperature not exceeding 50“. The dry residue 
may be stored in the refrigerator for 24 hours without appreciable losses of 
steroid. 

Step S. Purification of Crude Chloroform Extract — ^The chloroform 
residue is transferred ivith 100 cc, of chloroform to a separatory funnel. 
The solution is then washed three times ivith 10 cc. of chilled 0.1 n aqueous 
NaOH solution and three times with 10 cc. lots of ivater. Each w^h is 
extracted back with 10 cc. of chloroform which is added to the original 
chloroform solution before the next NaOH or water w'ash is carried out. 
The NaOH and water washings are discarded. The washed chloroform 
solution is evaporated to dryness at a temperature not exceeding 50 . 

Step S. Partition between Benzene and Water — ^The chloroform residue 
is transferred quantitatively to a small separatory funnel with a total of 3 
cc. of benzene. The benzene solution is extracted ten times ivith 30 cc. lote 
of W'ater. The benzene is then discarded. The combined aqueous 
is transferred to a separatory funnel where it is extracted four times wth 
cc. lots of chloroform. The chloroform extracts are combined and evap 
orated to dryness at a temperature not exceeding 50° {crude fraction). 

This crude fraction may be measured for reducing agents according o 
the colorimetric assay procedure given below. Prior to such assay, m 
maining traces of chloroform must be removed from the residue by the a i 
tion and subsequent evaporation at 50° of three 5 cc. lots of methano . 
has been customary to dissolve the dried residue in 5 cc. of methanol 
take 0.5 cc. of this solution of crude fraction for colorimetric assay. 
remaining 4.5 co. of the methanol solution are evaporated to dryness a 
the residue further purified by treatment with Girard’s Reagent T. 

Step 4- Separation of Crude Extract into Ketonie and Non-Kelonw 
lions by Treatment vnth Girard’s Reagent T — ^To the dried j ° -jg. 
crude fraction, 200 mg. of Girard’s Reagent T (triroethylace y .^j 
ammonium chloride, Eastman Kodak Company) and 0.5 cc. o 
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acetic acid are added. The flask is stoppered wth tin-foil or aluminum 
foil. The mixture is then heated for 2 minutes in a boiling water bath. 
During this period the flask is rotated to insure eomplete mixing of the con- 
tents. At the end of this period the flask is transferred from the boiling 
water bath to an ice bath. After the contents have become chilled, they 
are transferred quantitatively ■with 40 cc. of ice-cold distilled water to a 
small separatory funnel. 3 cc. of 10 per cent aqueous sodium hydroxide 
solution are added. The mixture is then extracted three times ■with 20 cc. 
portions of chloroform. The clfloroform extracts are combined and washed 
once with CO cc. of distilled ■\vater. This chloroform extract (non-ketonic 
fraction) is discarded. 1 cc. of concentrated sulfuric acid is added to the 
foregoing -water -washing, which is then added to the aqueous phase remain- 
ing after chloroform extraction of the non-ketonic fraction. After the 
addition of 20 cc. of chloroform, the resultant mixture is allowed to stand at 
room temperature for approximately 2 hours. It is then extracted with the 
chloroform already present and with three additional 20 cc. lots of chloro- 
form. The combined chloroform extract (ketonic fraction) is washed once 
with 10 cc. of 0.1 N sodium hydroxide solution and three times wth 10 cc. lots 
of water. Each wash is extracted back with an equal volume of chloroform 
which is added to the original chloroform solution before the next wash is 
carried out. The washed chloroform extract is evaporated to dryness at a 
temperature not exceeding 50°. The residue is freed from chloroform by 
the addition and subsequent evaporation of three 5 cc. lots of methanol. 
This is necessary because traces of chloroform interfere wth the colorimetric 
assay. The dried residue {ketonic residue) is dissolved in a measured quan- 
tity of methanol. An aliquot of this methanol solution is assayed according 
to the colorimetric assay procedure given below. With extracts of urine 
from normal patients it is usually convenient to use a total of 2 cc. 
of methanol for dissolving this residue and to take 0.5 cc. of the solution for 
colorimetric assay. For patients with abnormally high assay values smaller 
aliquots may be used. 

Colorimetric Assay — 0.5 cc. of a methanol solution of corticosteroid anij 
0.5 cc. of water are delivered near the bottom of a Folin-Wu macro blood 
sugar tube calibrated at 7.0 cc. 1 cc. of copper reagent (prepared fresh 
just before use by mixing 25 parts of Copper Reagent A and 1 part of Cop- 
per Reagent B according to directions given elsewhere (14)) is then delivered 
near the bottom of the tube. The contents of the tube are mixed by gentle 
shaking and are heated in a boiling water bath for 20 minutes. The tube is 
then cooled under a stream of tap w'ater and 1 cc. of arsenomolybdate rea- 
gent (14) is added. The contents of the tube are again mixed by gentle 
agitation. Water is added to make a total volume of 7 cc. The tube is 
stoppered with the hand and after the contents have been mixed by in- 
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■verting the tube, they are transferred to a photoelectric colorimeter tube.' 
A blank prepared in the same -way but containing no steroid is developed in 
the same manner. By means of a filter ■(vith maximum transmission at 660 
mju the galvanometer is adjusted to 100 with a tube containing the blank in 
place. This tube is then replaced by that containing the unknown sample 
and the galvanometer reading is ' recorded. The quantity of “corti- 
costeroid” present is calculated from this galvanometer reading by referring 
to a calibration curve in ■which galvanometer readings are plotted against 
knouTi amounts of corticosteroid. 

EXPERIMENTAL 

Delerminalion hy Colorimelric Assay of Crystalline Corticosteroids in Pure 
Solution — Table I gives representative values obtained in the course of 
establishing proportionality constants (K) between the quantity of crystal- 
line corticosteroid® in the sample analyzed (C) and the amount shown by the 
galvanometer reading (G) when C = l/K (2 — log G). It is seen that for 
17-OH corticosterone, corticosterone, and dehydrocorticosterone in 
amounts ranging between approximately 0.03 and 0.08 mg. K is equal to 
5.4 ± 0.1.® With smaller amounts of these steroids, lower K values were 
obtained. On the other hand, for from 0.04 to 0.07 mg. of 17-OH dehy- 
drocorticosterone, K is approximately 3.9. It is not known whether this 
discrepancy is real or is due to deterioration of the sample of 17-OH dehy- 
drocorticosterone used.'* Until another sample of this steroid becomes 
available for study, it will be assumed that a calibration curve desenbed by 
the K value 5.4 may be applied with reasonable accuracy in the measure- 
ment of all four of these corticosteroids and of similar substances extracted 
from urine by the analytic procedure described above. 

Partition of Crystalline Corticosteroids between Water and Various Organic 
Solvents — In these experiments approximately 0.2 mg. of 17-OH corticos- 
terone, 17-OH dehydrocorticosterone, corticosterone, or dehydrocorticos 
terone was dissolved in 50 cc. of water. The aqueous solution was 
quantitatively tran,sfeiTed to a separatory funnel with an equal volume o 
ethylene dichloride, chloroform, or ethyl ether. The funnel was sha en 

' An Evelyn macro photoelectric colorimeter was used in this laboratory. 

* We are greatly indebted to Professor E. C. Kendall for crystalline samp c 
Compound A (dehydrocorticosterone, ra.p. 177-I80.S'’), Compound B 

m.p. 177-179°), and Compound E (17-OH dohydrocorticosterone m.^, 

Dr. G. Thorn for a sample of crystalline 17-OH corticosterone, and to Dr. 

of the Sehering Corporation for a sample of crystalline desoxycorticosterone.^^^^,^ 

’ In this reaction 1 mg. of 17-OH corticosterone, corticosterone, or e y 
costerone, respectively, is equal to approximately 0.1 mg. of glucose. 

* This discrepancy is not explained by differences in the molecular v ei 
four corticosteroids. 
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vigorously for 3 minutes and then allowed to stand until the aqueous and 
organic solvent phases had separated completely. The organic solvent 
phase was removed, evaporated to diyness at 50°, and the corticosteroid 
content of the residue determined by the colorimetric assay procedure. 

Chloroform extracted each of the respective corticosteroids almost 
quantitatively (average, 102 per cent). Ethylene dichloride was slightly 
less efficient (average, 92 per cent), while ethyl ether proved to be a con- 
siderably less efficient solvent, especially for the two 17-OH steroids (17-OH 
corticosterone, 65 per cent; 17-OH dehydrocorticosterone, 51 per cent). 


Table I 

Experiments Taken from Series Establishing Proportionality Constant (K) between 
Total Crystalline Corticosteroid Determined in Sample and Amount Shown by 
Galvanometer Reading 


Corticosteroid 

Total 

corticosteroid 
in sample 
analyzed 

Galvanometer 

reading 

A' 

17-OH corticosterone 

ms. 

0.010 

91 

4.1 


0.030 

69* 

5.3 


0.050 

54* 

5.3 


0.076 

39* 

5.3 

17-OH dehydrocorticosterone 

0.015 

90 

3.1 


0.044 

68* 

3.7 


0.074 

50 

4.1 

Corticosterone 

0.010 

88 

5.3 


0.031 

67* 

5.5 


0.052 

51* 

5.5 


0.076 

39 

5.4 

Dehydrocorticosterone 

0.011 

92 

3.2 


0.034 

65* 

5.4 


0.057 

50 

5.3 


0.083 

36 

5.4 


Control experiments in which no steroid was used gave zero blank values. 
In two additional experiments it was found that when a kno\vn amount of 
cortico.steroid was dissolved in 1 liter of water it was extracted essentially 
quantitatively by shaking the aqueous solution three times uith 150 cc. 
lots of chloroform. 

Table II gives information concerning the distribution of the various 
crystalline corticosteroids between benzene and water (Step 3). It is to 
be noted that the steroid was added to benzene which was extracted 10 times 
vith an equal volume of water. The quantity of steroid remaining in the 
benzene and the quantity found in the combined water extract were deter- 
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mined. Column (c) of Table II sho\ys that from 85 to 100 per cent of the 
steroid used was recovered in one or both of the two phases. Column {d) 
indicates that 17-OH corticosterone and 17-OH dehj:drocorticosterone tend 
to pass quantitatively from benzene to water under the conditions of the 
experiment. On the other hand, only 38 per cent of the corticosterone and 
24 per cent of the dehydrocorticosterone appeared in the water phase. 
Finally, desoxycorticosterone remained almost quantitatively in the 
benzene phase; only 2 per cent appeared in the water phase. Incidentally a 
sample of dehydroisoandrosterone similarly partitioned between benzene 
and water was found to remain essentially quantitatively in the benzene 
phase. 

Table II 

Distribution of Various Crystalline Corticosteroids belujcen Benzene and Water 

The steroid \\8S added to 30 cc. of benzene, which was then e'ctracted ten times 
with 30 cc. lots of water. The combined water extract was subsequently extracted 
four times with 45 cc. lots of chloroform. The respective corticosteroid contents of 
the benzene and the chloroform residues were then determined. 





Steroid recovered 


Steroid u«€d 

of steroid 
added 

(o) 

Benzene 

ph&se 

ib) 

Water 

phase 

(c) 

W 

(») 

W 

(M+tO 

(«) 

(«) 

None . . . 

tnf 

ms 

0.00 

mz. 

0.00 


1.0 

17-OH corticosterone 

0 25 

0.00 

0.25 


17-OH dehydrocorticosterone . 

0.23 

0.00 

0.23 

1.0 


Corticosterone 

0.21 

0.12 

0.08 

0.38 


Dehydrocorticosterone 

0.21 

0.15 

0.05 

0.24 

o.yo 

Desoxycorticosterone 

0 48 

0.40 

0.01 

0.02 

0.85 


The foregoing observations show that cbldrofoim is a suitable solvent for 
extracting corticosteroids from aqueous solutions. The experiments tvi 
benzene show that the corticosteroids which lacked an oxygen on the 1 
carbon atom were not easily extracted from benzene by tvater. JThey a s 
suggest that 11-oxy corticosteroids with a hydroxyl group on the 1 r th car on 
atom are extracted from benzene much more readily than 11 -oxyco 
costeroids without a hydroxyl group at C-17. 

Recovery of Cryslalbne Corhcoslermds after Alkaline Washing 
Solution — tVhen the various crystalline corticosteroids are dissore 
chloroform, the chloroform solution may be washed with 0.1 n 
sodium hydroxide solution and by water according to the analytic proce ^ 
(Step 2) without significant losses of the steroid (maximum loss, 4 per ce 
Recovery of Crystalline Corticosteroiels Added to Unne The fo owm 
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periments werG designed to test the efficiency of Steps 1 to 3 of the analytic 
procedure. For these experiments pools of fresh urine from normal adult 
human subjects were collected. The urine pools were separated into three 
or four equal aliquots. To two of these aliquots, nothing was added (con- 
trol aliquots); to the others a measured amount of a crystalline corti- 
costeroid was added prior to extraetion. The various aliquots were then 
treated according to Steps 1, 2, and 3 of the analytic procedure and the 
“corticosteroid” content of the crude fractions thus obtained was deter- 
mined by the colorimetric assay procedure. 

The analytic data from six series of such experiments are given in Table 
III. The theoretical values (column (6)) for the urinary “corticosteroids” 
represent the sum of the average determined value for the two control ali- 
quots (column (a)) and the mg. of crystalline corticosteroid added to the 
third or fourth aliquot, respectively. Column (c) gives the ratio of the 
determined to the theoretical values. Colunm (d) presents an estimation of 
the per cent of added corticosteroid actually recovered. Thus in Experi- 
ment 1 the average control value was 0.46 mg. per 1000 cc. of urine. In 
Experiment Ic, 0.73 mg. of 17-OH corticosterone was added. However, 
1.28 mg. were recovered (column (a)). If it is assumed that 0.46 of the 
1.28 mg. recovered was “corticosteroid” present in the urine aliquot prior to 
the addition of 17-OH corticosterone, then 1.28 — 0.46 or 0.82 mg. of 17-OH 
corticosterone was recovered. Since only 0.73 mg. of this steroid had been 
added, the estimated recovery was 0.83/0.73 X 100 or 113 per cent (column 
(d)). 

On the average the individual control values of Table III deviated from 
their respective mean values by ±10 per cent (range ±0 per cent (Experi- 
ment 6) to ±28 per cent (Experiment 4)). In subsequent duplicate analy- 
ses, the values obtained have agreed within less than ±10 per cent. Ex- 
periments 1 to 4 show that 17-OH corticosterone and 17-OH dehydrocorti- 
costerone were recovered essentially quantitatively (columns (c) and (d)). 
On the other hand, the average recovery of corticosterone was 55 per cent 
and of dehydrocorticosterone 38 per cent (column (d)). These observations 
are in keeping with those of Table II which suggested that corticosteroids 
like corticosterone and dehydrocorticosterone, which lack a hydroxyl group 
at the 17th carbon atom, would not be recovered quantitatively by the 
analytic procedure. 

Because these observations suggested that urine contained substances 
similar to the crystalline corticosteroids, a preliminary series of meas- 
urements of the “corticosteroid” content of the “crude fraction” of urines 
from normal and abnormal subjects was carried out. Though the results 
obtained were in the main consistent with biologic assay values reported by 
others, it was found that the colorimetric assay values obtained for patients 
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■with Addison’s disease having a tendency to hypoglycemia were not con- 
sistently lower than the values for normal subjects. This observation sug- 
gested that colorimetric assays carried out on the crude fractions might be 


Table III 

Recovery of Various Crystalline Corticosteroids Added to Urine 


Extracts not purified by treatment with Girard’s reagent. 


1 

Experiment ' 
No. 

Urine 

volume 

Steroid added* 

Steroid recovered 

W 

(6) 

W 

Estimated 
recovery o! 
steroid 
added 

id) 

Dcterminedt 

io) 

Theoretical 

(&) 


ee. 

mg. 

mg. 

mg. 


per cent 

la 

1000 

None 

0.47 




b 

1000 

(1 

0.44 







(0.46) 




c 

1000 

0.73 17-OH C 

1.28 

1.19 

1.08 

113 

2a 

500 

None 

0.21 




b 

500 

(< j 

0.24 




1 


1 

(0.23) 




c 

500 

0.54 17-OH C 

0.78 

0.77 

1.01 

104 

3a 

500 

None 

0.26 




b 

600 


0.24 







(0.25) 




c 

500 

0.55 17-OH D 

0.96 

0.80 

1.2 

129 

4a 

500 

None 

0.51 




b 

500 


0.28 





i 


(0.39) 




c 

500 

0.55 17-OH D 

0.78 

0.94 

0.83 

71 

d 

500 

0.54 C 

0.66 

0.93 

0.50 

50 

5a 

500 

None 

0.24 




b 

500 

(I 

0.33 






1 

(0.28) 

1 



c 

500 

0.54 O 

0.60 

0.82 

0.73 

69 

d 

500 

0.46 D 

0.40 

0.74 

0.54 

52 

6a 

1000 

None 

0.53 




b 

1000 


0.53 







(0.53) 



61 

c 

1000 

0.55 D 

0.81 

1.08 

0.75 


* 17-OH C = 17-hydroxy corticosterone; 17-OH D — 17-hydroxydehydrocort' 


costerone; C = corticosterone; and D = dehydrocorticosterone, 
t The figures in parentheses represent the average. 


subject to errors of overestimation due to the presence of non-ketomc 
during agents. Accordingly, experiments were carried out to ® 
whether the crude fractions of urinary extracts could be further pun e 
treatment with Girard’s Reagent T. This reaction has been use su 
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fully for the separation of other ketonic urinary steroids from non-ketonic 
contaminants (15, 16). 

Recovery of Crystalline Corticosteroids in Pure Solutions in Ketonic Frac- 
tion after Treatment with Girard’s Reagent T — In nine experiments between 
81 and 94 per cent (average 91 per eent) of the four respective crystalline 
11-oxj'corticosteroids was recovered in the ketonic fraction after treatment 
■nith Girard’s Reagent T (Step 4 of the analytic procedure). 

Recovery of Crystalline Corticosteroids Added to Urine Extracts Prior to 
Treatment with Girard’s Reagent T — Four similar experiments on the recov- 
ery of crystalline corticosteroids added to an aliquot of the crude fraction of 
a urine extract prior to treatment with Girard’s Reagent T were carried out. 
The corticosteroid content of the ketonic fraction of an equal aliquot to 
which nothing had been added was also measured. Accordingly, as in 
Table III, the theoretical values represent the sum of the control value and 
the mg. of crj'stalline corticosteroid added. On the average 88 per cent of 
the crj'staUine corticosteroids added to the crude fractions was recovered in 
the ketonic fraction (range 81 to 94 per cent). Accordingly, it appears that 
Step 4 of the analytic procedure may be used -without causing serious losses 
of corticosteroids. Experience has shown that assay values obtained on 
such ketonic fractions are often considerably lower than those obtained on 
the respective crude fractions. Most of the reducing material of the crude 
extract which does not appear in the ketonic fraction appears in the non- 
ketonic fraction. 

Unfortunately, because of a lack of crystalline corticosteroids, itwasnot 
possible to test the efficiency of Steps 1 to 4 of the analytic procedure by 
recovery experiments similar to those of Table III. However, the data 
available indicate that the entire analytic procedure should permit recovery 
of approximately 90 per cent of the 17-OH corticosterone and 17-OH dehy- 
drocorticosterone, 45 per cent of the corticosterone, 35 per cent of the dehy- 
drocorticosterone, and 0 per cent of the desoxycorticosterone present in free 
(unconjugated) form in urine. That substances like desoxycorticosterone 
which lack an oxygen at the 11th carbon atom -will probably not be 
recovered is of interest in view of the clinical observations discussed below. 
Also of interest is the fact that all the biologically active cortin-like 
material present in the urine extracts has been recovered essentially quan- 
titatively after use of a purification procedure very similar to that employed 
here (9). 

Excretion of Corticosteroids by Normal and Abnormal Subjects Table IV 
gives preliminary measurements obtained -with the anal 5 d;ic procedure de- 
scribed above. The daily output by three normal men and one normal 
woman was measured over 8 to 10 day periods. 89 per cent of the thirty- 
seven values for these subjects ranged between 0.12 and 0.34 mg. per daj 
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(average value, 0.24 mg. per day). Analysis of these measurements showed 
that the chances were 2; 1 that the value for a single day would fall within 
±30 per cent of the average value for that individual. There was essen- 
tially no difference between the values for the men and for the women. 
These observations, taken together rvith five additional measurements on 
five other normal adults indicate that values of 0.38 and higher should be 
considered abnormally high and values of 0.10 and below, abnormally low. 

The remainder of Table IV gives measurements on patients with various 
conditions. It is seen that on the average results on patients mth 
Addison’s disease, hypothyroidism, or hypopituitarism tended to be low. 
Of the patients wdth Addison’s disease or with hypopituitarism, only those 
with a definite tendency to hypoglycemia excreted 0.10 mg. or less of corti- 


Table IV 

Excretion of Corticosteroids by Normal and by Abnormal Subjects 
The results are expressed as mg. per 24 hours. 


Condition 

No. of 1 

No. of 
{determina- 
tions 

Urinary corticosteroids 

subjects 

Average 

Rjnst 


9 

42 

0.24 

0.10-0.38 

2. Addison’s disease 

6 

6 

0.12 

0.02-0.26 

3. Hypothyroidism 

3 

4 

0.09 

0.06-0.13 

4. Hypopituitarism 

3 

3 

0.14 

0.10d).17 


3 

4 

4.20 

0.90-12.0 

6. Adrenal cortical virilism 

2 

3 

0.43 

0.15-0.57 


2 

2 

0.28 

0.23-0.32 

8. Burn and postoperative patients 

4 

9 

0.93 

0.34-1.70 


costeroids per day. On the other hand, values which, on the average, were 
abnormally elevated were obtained on patients with active Cushing s syn- 
drome, adrenal cortical virilism, and on patients who had recently been 
severely burned^ or operated upon. Two patients rvith simple hirsutism 
excreted normal amounts of corticosteroids. 

Comments 

The experimental data dealing with the analytic procedure \vith 
minor exceptions substantiate the observations of Venning el al. (9)- 
colorimetric measurement used here depends upon the fact that 
teroids are reducing agents similar to sugars and are therefore suscep i e 

‘ Assays carried out on the crude fraction of urine extracts of five other 
burned patients also gave values which were markedly elevated above assa 
for normal crude fractions. 
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determination by suitable copper reagents. Since the urine contains a wide 
variety of reducing agents, the specificit 5 '’ of the analytic procedure depends 
upon the efliciencj’’ of the e.\traction and purification procedures. Assays 
made on extracts of water to which several gm. of glucose had been added 
gave zero values. The alkali washing of the chloroform solution (Step 2) 
should remove acidic substances. The information available suggests that 
only corticosteroids with an oxygen on the 11th carbon atom will tend to 
pass readily from benzene to water under the conditions used here (Step 3)' 
(17). Finally, it is probable that only ketonic reducing agents soluble in 
chloroform will appear in the ketonic fraction after treatment with Girard’s 
Reagent T (Step 4). In these respects it is of interest that Venning et al. 
found the biologic activity per mg. of ketonic fraction residue’ to approach 
closely that of crj^stalline 11-oxycorticosteroids (9). On the other hand, 
it would not be suiprising to learn that urine contains biologically inactive 
“corticosteroids” as it contains biologically inactive as well as active 
17-keto steroids (18). Should this be so, colorimetric assay values will not 
necessarily correspond exactly to biologic assay values. 

The data obtained thus far for normal and abnormal subjects are in 
accord with the idea that the urinaiy^ substances measured were probably 
derived from the adrenal cortex. Furthermore, the fact that the lowest 
values occurred only in patients with a tendency to hypoglycemia suggests 
that the substances measured here maybe an index of the rate of production 
of those adrenal cortical hormones which influence protein and carbohydrate 
metabolism rather than those which affect water and electrolyte me- 
tabolism. On the other hand, it is appreciated that the division of patients 
with Addison’s disease into a group with and a group without hypoglycemia 
may be somewhat artificial. Accordingly, the relatively normal values 
reported here for some patients with Addison’s disease raise the possibility 
that certain urine extracts may contain small amounts of reducing sub- 
stances other than 11-oxycorticosteroids. 

The detailed clinical aspects of these measurements n-ill be reported 
elsewhere. 


SXJJISIARY 

A procedure for the extraction, purification, and colorimetric assay of 
urinary substances similar to 11-oxycorticosteroids has been described. 

• There is a possibility that certain polyhydroxy steroids which lack an oxygen at 
C-1 1 , but have a ketol side chain at C-17, may pass from benzene to water under the con- 
ditions of Step 3. This is suggested by an observation on a sample of cr3-stalline A*- 
pregnene-3-one-17,20,21-triol which, when treated according to Step 3, was recovered 
almost quantitatively in the water phase. 

’ Prepared essentially according to the present analytic procedure. 
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Only 11-oxy corticosteroids with a 17-hydroxyl group are recovered essen- 
tially quantitatively by this procedure. 

Preliminary observations on normal and abnormal subjects suggest that 
the substances measured are an index of the rate of secretion of those 
adrenal cortical hormones which influence protein and carbohydrate metab- 
olism. 
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ESSENTIAL GROUPS OF CRYSTALLINE CHYMOTRYPSIN 


Bt IRWIN W. SIZER 

{From the Department of Biology, Massaehusetts Instilnte of Technology, Cambridge) 
(Received for publication, June 1, 1945) 

It is now generally recognized that, even in enzj'mes which do not require 
a “prosthetic group” for activity, certain parts of the molecule are much 
more concerned than others vdth the specific acthdty of the enz 3 Tne. 
These parts of the protein molecules maybe thought of as “essential groups” 
which must be maintained intact in order for the enzjrme to function. 
Attention has been focused especially upon the role of sulfhydryl groups, 
and it has been shown that there exists a large group of enzymes which 
are activated by reducing agents, which convert disulfide linkages to sulf- 
hydryl groups, and are inactivated by reagents which oxidize these groups 
or combine with them. Included in this category are urease (1, 2), cathep- 
sin, papain, and other plant proteases (3,4), carbonic anhydrase (6), succinic 
dehydrogenase (6), triose phosphate dehydrogenase (7), glycerol dehydro- 
genase (8), pyruvate oxidase, and the enzyme for pyruvate condensation, 
carboxylase, ketoglutarate oxidase, malate oxidase, adenosinetriphos- 
phatase (9), pancreatic lipase, certain fatty acid oxidases, certain amino 
acid oxidases, transaminase, monoamine oxidase (10), and amylase (11). 
On the other hand, it has become equally apparent that in a very large class 
of enzymes sulfhydryl groups are not required for activity. Enzymes of 
this type which have been studied are invertase (12), acid and alkaline 
phosphatase (13, 9), lactate oxidase, isocitrate oxidase, carbonic anhydrase,* 
polyphenol oxidase, catalase, unease, cytochrome oxidase, flavoproteins 
(9), diamine oxidase, pepsin, trypsin (10), and pancreatic amylase (14). 

The importance of tyrosine in the pepsin molecule has been demonstrated 
by the work of Herriott and Northrop (15, 16) and others (17), who have 
shown a decrease in activity when an acetylated, iodinated, or nitroso 
derivative of the tyrosine in the pepsin molecule is formed. Similarly, 
Sizer (12, 13) has indicated that when the tyrosine groups of invertase and 
acid or alkaline phosphatase are oxidized the activity is destroyed. Weill 
and Caldwell (18) have found that the reaction of HNOj with the tyrosine 
of j3-amylase results in a loss in acthuty. 

Primary amino groups appear to play no role in determining the activity 
of such enzymes as pepsin (16) and jS-amylase (18), but on the other hand 
constitute essential groups of pancreatic amylase (14) and alkaline phos- 
phatase (19). While most of the studies on the role of sulfhydryl groups 

* The results are contrary to Kiese and Hastings (S) . 
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are fairly convincing, it is only in the case of pepsin that the importance of 
amino and tjTOsyl groups has been clearly demonstrated. 

The present investigation was undertaken with the purpose of e-xtending 
this information on essential groups of enzymes by an investigation of the 
role played by sulfhydryl, disulfide, amino, and t5’TOsyl groups in deter- 
mining the activity of purified chjunotrj’psin. 

EXPERniENTAL 

In all experiments crystalline chjmotrj'psin from the Plaut Research 
Laboratorj'- was employed and ivas used at a final concentration in the 
digest of 1 mg. per ml. Several different buffers were emploj^ed for holding 
the digest at pH 8.0. All digestions were carried out in a water bath at 
37° ± 0,05°. Except for the experiments with gelatin, the determinations 
of the activity of chymotrj'psin were made by measuring the rate at which 
a reprecipitated filament of purified collagen (20, 21) was digested by the 
enzyme solution. A glass bead was tied to the filament before it was 
immersed in the enzjune solution; the end-point of digestion was taken as 
the time required for the filament to break and the bead to fall. The diges- 
tion time was measured with an automatic recording apparatus (22), 

Experiments with Oxidants and Redtictants — In xiew of the fact that 
certain oxidants or reductants' may have specific effects in addition to those 
related to their oxidizing or reducing properties (2, 12, 13), it is often neces- 
sary to investigate the action on enzymes of a variety of such compounds. 
The enzjune activity can then be related to the oxidation-reduction poten- 
tial of the digest. 

Preliminary experiments indicated that 1 X 10"’ m solutions of most 
oxidants and reductants w-ere not toxic and this concentration or less 
was used in subsequent studies. The oxidant or reductant was added to 
the enzyme for 5 minutes at 37° before the collagen filament was sus- 
pended in the solution. Before digestion w'as begun the oxidation-reduction 
potential was mea.sured with a Beckman pH-E^ meter at room temperatare- 
A typical experiment of the twelve w'hich were performed is presented in 
Fig. 1, from which it appears that chymotrj’psin activity is independen^ 
the oxidation-reduction potential of the medium from —400 to about -h 
millivolts, A summaiy of all the studies which have been made’ lea^ 
the conclusion that chymotrjpsin is unaffected by strong and wea' re 
ductants and rclativclj’ unaffected by mild oxidizing agents. These resu 
can be interpreted as indicating that sulfhydryl or di.sulfide groups are no 
e-ssential for chj’motryptic activity. Strong oxidizing agents responsi 

’ Lehn and Fink Products Corporation, Bloomfield, New Jersey. 1 he crjs 
preparation contains about 40 per cent MgS 04 . . ,, , «-]iich 

’ Other reductants used were Xa-SjOj, KbcS-Oj, Na-S, and 
showed essentially no effect, and KCN, which appreciably inhibited enym 
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for oxidation-reduction potentials greater than -1-540 millivolts progres- 
sively inactivate the cnzj-mc the higher the Eh- On standing in solutions 
of high Ek, the chjTnotrypsin activity falls rapidlj’’, while standing for a 
few hours at low potentials results in only a relatively slow loss of activity. 
The data on inactivation of chjTnotrypsin bj’’ strong oxidants are very 
similar to those on phosphatase (13) in which the loss in activity seemed to 
be associated with the oxidation of tyrosine. Iodine inactivates chjmo- 
trypsin as well as pepsin, in which enzjme it has been shown that it is the 



Fig. 1. Activity of chymotrypsin (as measured by the rate of digestion of a collagen 
filament) as related to the presence of oxidants or reductants in the digest. The 
solution at pH 7.9 contained 1 mg. of crystalline chymotrypsin per ml., 0.2 mg. of 
(NHOjHPO^ per ml., and one of the following: I, activated with^platinized asbes- 
tos; 2, 0.2 of saturated H 2 S; 3, control, nothing added; 4. 5 X lO'^ M K 4 Fe(CN)«; 
5, 2 X 10-< M Br; 6, 5 X 10“* M KjFe(CN)e; 7, 5 X lO"* M iodoacetate; 8, 5 X 10"' M 
KjCrjO,; 9, 2 X 10-< m I-KI; 10, 5 X lO"* m I-KI; 11, 5 X 10"* m ICMnO,; 12 , 2 X 10-* 
M KAInOi; IS, 5 X 10-< M Br. 

tj'rosine group which is iodinated (IG). Thus it appears likely that for 
chymotrypsin as well as for phosphatase and pepsin, tyrosyl groups are 
essential for activity. 

The inactivation by strong oxidants of chymotrypsin, like phosphatase, 
is partially reversible. A 3-fold increase in activity can often be demon- 
strated by the addition to the partially inactivated enzjme of a reductant 
such as activated hydrogen or K 4 Fe(CN) 6 . If inactivation has proceeded 
too far, however, it becomes irreversible. The reactivation of inactive 
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chymotrypsin seems analogous to the reactivation of acetylated pepsin 
by deacetylating the tyrosine groups of the enzyme (15). 

Chymotryptic activity was also measured by the change in viscosity of 
2 per cent gelatin at pH 7.5. This study demonstrated the fact that the 
action of oxidants and reductants is independent of the method used to 
measure enzyme activity. 

Acetylation with Ketene — ^Ketene brings about the acetylation of primary 
amino, sulfhydiyl, and phenolic hydroxy] groups of proteins, but does not 
react appreciably with the guanidino or aliphatic hydroxyl groups of amino 
acids and proteins (23, 24). The reaction with primary amines is much 
more rapid than with tyrosine (25, 26). 

Freshly distilled ketene was prepared according to the method of Her- 
riott and Northrop (15) and bubbled into the chymotrypsin solution at 0° 
at a rate of approximately one bubble per second. Considerable difficulty 
was encountered in controlling the pH of the solution, which even though 
highly buffered became acid, due to the conversion of ketene to acetic acid. 
The problem was solved by dissolving the enzyme in a 10 per cent suspen- 
sion of NaHCOs. The pH of this solution remained at 7.9 for about 1 hour 
, and then gradually decreased. At successive intervals samples were taken 
'■.from the solution being acetylated and the chymotrypsin activity measured 
in the usual way at 37°, mth a collagen filament as substrate. Results of 
a typical experiment are presented in Fig. 2, from which it may be seen that 
acetylation of chymotrypsin by ketene is without effect for the first 30 
minutes, after which the activity decreases quite rapidly, becoming zero m 
about 90 minutes. These results are in marked contrast with those re- 
ported by Little and Caldwell (14) for pancreatic amylase, who found that 
only 15 minutes acetylation caused a loss of 78 per cent of the activity, but 
a loss of only 13 per cent of the tyrosine groups. Gould (19) found an 
equally rapid loss in 10 minutes of the activity of phosphatase and concluded 
that primary amino groups were essential for activity in phosphatase as well 
as pancreatic amylase. The results on chj’-motrypsin acetylation are very 
similar to those on pepsin (15) and /3-amylase (18), for which it has been 
shown that activity was lost not on acetylating the amino groups but only 
when the tyrosine groups were subsequently acetylated. Attempts to 
reactivate acetylated chymotrypsin by adjustment to pH 11 were unsuc- 
cessful. Reactivation by this procedure was.accomplished 'with acetyla 


sepsin (15), but not ■with /3-amylase (18). 

Experiments with Nitrous Acid — ^It was hoped that further information 
m the role of essential groups in chymotrypsin could be obtained by tr^ 
nent ■with HNO 2 , since it is known that it oxidizes such groups as s Y 
iryl, deaminates aliphatic amino groups of amino acids, and diazo im 
phenolic hydroxyl groups (14, 17, 18). The deamination can be 
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guished from the diazotization because the former proceeds veiy much 
more rapidlj' and in the presence of excess nitrite is of the second order, 
while the reaction with tyrosine is of the first order fM, 17). 

The treatment of ch3'motrypsin with 1 m HNO2 was carried out at the 
recommended acidity of pH 4.6 and at 0°. To the solution were added 5 
mg. per ml. of chj'motrj'psin and at successive intervals 0.5 ml. samples 
were removed and added to 2 ml. of phosphate buffer (final pH 7.7), and the 
enzjone activity measured as usual on collagen. A control at pH 4.6 ndth- 



PiG. 2. Inactivation of crystalline chymotrypsin as a function of the time that 
ketene is bubbled through the solution. The activity of the enzyme was determined 
hy the rate of digestion of a collagen filament, 

out added HNO2 was ran simultaneously to determine whether or not on 
standing at this acidity the enzyme was inactivated. The control showed 
no inactivation on standing for 22 hours. 

Typical results are presented in Fig. 3, from which it appears that com- 
pared with pancreatic amylase and phosphatase (14, 19) chymotrypsin is 
inactivated very much more slowly and at a rate comparable uith pepsin 
and 0-amylase (17, 18). An analysis of the kinetics of inactivation (Fig. 3) 
shows that the diazotization of chymotrj’’psin is first order, indicating reac- 
tion of the HNO2 ivith tyrosine, since it would be second order under these 
conditions if the inactivation were due to the removal of amino groups bj’ 
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HNO:. The reaction of the HNOj with the tyrosine of chymotQ'psin is 
also indicated by the gradual production of a yellow color in the solution 
due to the formation of the diazo compound. It should be pointed out 
that the formation of a yellow color might reflect the action of nitrous acid 
upon the tyrosyl nucleus rather than the formation of a diazo compound. 
Little and Caldwell (14) reported the progressive formation of a similar 
yellow diazo compound, as measured colorimetrically, during the later 
stages of the reaction between HNO 2 and pancreatic amylase. The possi- 



Fig. 3. Inactivation of chymotrypsin by 1 m HNOj at pH 4.6 and 0°. The enzyaie 
activity was determined by the rate of digestion of a collagen filament. The incar 
relationship in the logarithmic plot indicates that inactivation follows the course 0 » 
first order reaction. 


bility that the loss of activity of chymotrypsin in HNOj is due to the 0 x 1 a 
tion of sulfhydryl groups is excluded by the fact that partially inactiva e 
enzyme cannot be reactivated by bubbling HsS through the solution (see 
(18)). From these studies with HNO 2 it may be concluded 
amino nor sulfhydryl groups are required for chyraotryptic activity u 
tyrosine constitutes an essential group. , 1 

Tnalmcnl with Phenyl Isocyanate — Phenyl isocjmnate 
ureido derivatives with a large number of different proteins. I oP 
Woimall (27) believe the reaction to involve only the free amino ^ou^ 
the lysine components and that further damage to the protein 0 
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occur, wlien the reaction is carried out at pH 8.0 and 0° with a ratio of pro- 
tein to phenyl isocyanate of 2:1. 

Duplicate solutions of chymotrypsin (1 mg. per ml.) were prepared in 
phosphate bufTer at pH 7.G at 0°. One was kept as the control, while to the 
other was added 0.5 mg. of phenyl isocyanate for each ml. of solution. The 
solution was shaken frequently during the reaction. The phenyl isocyanate 
solution turned cloudy and a precipitate of diphenylurea settled out. 
Samples were taken after 1 or more hours and the chymotrypsin activity 
measured in the usual way with a collagen filament as substrate. In four 
different experiments the activity of the isocyanate-treated enzyme varied 
from 92 to 99 per cent of the untreated control. These results indicate that 
phenyl isocyanate has relatively little effect in inactivating chymotrypsin. 
These data arc interpreted as indicating that primary amino groups are not 
essential for chjmotryptic activity, since in pancreatic amylase and phos- 
phatase, in which amino groups are e.ssential, phenyl isocyanate produced a 
rapid and practically complete inactivation (14, 19). At high concentra- 
tions phenyl isocyanate apparently brings about more drastic changes in 
the enzjmc for, when used at 5 times the concentration of chjmotrypsin 
(instead of 0.5), a rapid inacti\mtion was produced. 

Exj)cnmcn(s with Formaldehyde — ^Foimaldehydc reacts readily at low 
concentrations with amino groups of proteins and at liigher concentrations 
or longer periods of time it has a characteristic hardening or tanning 
action (28). It was felt that treatment of chjmotrypsin with formaldehyde 
might yield further information concerning the relationship of amino groups 
to the activitj' of chjmotrypsin. 

To a solution of 1 per cent formaldehj'de in phosphate buffer, pH 7.7 
(room temperature) chymotrypsin was added to a final concentration of 1 
mg. per ml. A control solution was similarly prepared but mthout the 
formaldehyde. Samples were drawn after 2 hours and tested for enzyme 
activitj'' with the collagen filament technique. The solution containing the 
formaldehyde showed no enzjme activity, but this was shown to be due to 
the tanning of the collagen filament by the formaldehyde rather than the 
inactivation of chjmotrypsin. In a second experiment the chjmotrjyrsin 
was equilibrated with the formaldehyde for 2.5 hours. Both the control 
and experimental solutions were then dialyzed for 1.5 hours against a turbu- 
lent stream of tap water to free the experimental solution of excess formal- 
dehyde. In one experiment the formaldehyde-treated enzjme had 92 per 
cent and in two experiments it had 100 per cent of the activity of the con- 
trols. These results indicate little if any inactivation by 1 per cent formal- 
dehyde, and show that free amino groups are not essential for chjmotiyptic 
activity. With pancreatic amylase (18) and phosphatase (19), however, 
in which free amino groups are essential for activity, 1 per cent formalde- 
hyde produced very extensive inactivation. 
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SUMMARY 

The activity of crystalline chymotrypsin has been studied as a function 
of the oxidation-reduction potential of the digest with a wide variety of com- 
pounds to poise the potential. It was found that the enzyme activity is 
independent of JS* from —400 to -1-500 millivolts, but that above 500 
millivolts the enzyme is rapidly inactivated by strong oxidizing agents. 

A detailed study has also been made of the effects of ketene, nitrous acid, 
phenyl isocyanate, and formaldehyde upon chymotryptic activity. Re- 
sults with these compounds as well as those mth oxidants and reductants 
are consistent in showing that primary amino, sulfhydryl, or disulfide 
groups are not required for chymotryptic activity, while tyrosine constitutes 
an essential group. Ch 3 miotrypsin is compared with other enzymes with 
reference to the importance of these groups in determining the activity of the 
enzyme molecule. 
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A review of the literature on earlier investigations of the alkaloid content 
of American hellebore or Vcralrum viride Aiton has been given by Seiferle, 
Johns, and Richardson (1). In the earlier work the occurrence of only 
jendne, pseudojervine, and rubijertdne had been described. In their study 
they were able to isolate, in addition to these alkaloids, germine and its es- 
ter, protoveratridine. Our own more recent studies of the alkaloids of this 
plant have now added to the list and have also necessitated reinterpreta- 
tions of earlier data. In a previous paper (2) we have reported on one phase 
of this study concerned -with the isolation of pseudojervine and the new 
alkaloid veratrosine, which were characterized as glucosides of jervine and 
veratramine respectively. These substances were found in the alcoholic 
extract of the plant material which followed preliminary extraction of the 
latter 'ivith benzene. A study of alkaloids contained in the benzene extract 
is the subject of the present report. The yield of partly crystalline crude 
basic material obtained after preliminary purification varied with different 
commercial samples of American hellebore, and any data given as to yields 
can be regarded only as approximations. About 11 gm. were extracted 
from each kilo of material. A preliminary separation of the bases was 
effected essentially as employed by Saito (3) in his study of Verairum grandi- 
florum Loes. fil. By conversion to the sulfates a large sparingly soluble 
sulfate fraction was first obtained which after reconversion to the free bases 
was then transformed in alcoholic solution to the hydrochlorides. The 
sparingly soluble salt which crystallized was the hydrochloride of jervine, 
the principal alkaloidal constituent. 

From the more S9luble hydrochloride fraction a ciystalline base was iso- 
lated which agreed very closely in properties with those recorded by Saito 
for veratramine. However, the analytical results obtained with our 
alkaloid were in closer agreement with the formulation C27H39O2N than 
■with that of C26H35O2N derived by him. As a check on the identity of our 
substance, it was hydrogenated to a dihydro derivative with properties 
essentially as given by Saito for dihydroveratramine. Our anal3’tical data 
again were more consistent with a formulation, C 27 H 41 O 2 N. Saito ’s so 
called “diacetyl” derivative was also prepared. His analytical results as 
well as our own, however, are more satisfactory for a triacetylveratTamine, 
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C33H45O5N. The latter on saponification with alkali yielded the sub.stance 
described by him as a “low melting veratramine,” but which we have since 
found to be the neutral N-acelylvcralraminc, CaoHuOjN. 

Veratramine, therefore, is an unsaturated secondary base which possesses 
two acylatable hydroxyl groups. Since the presence of only one double 
bond was directly showm by hydrogenation, and since it is a secondary and 



Fig. 1. Absorption spectrum curves. Curve 1, veratramine; Curve 2, dihy'if'’ 
veratramine; Curve 3, the new alkaloid; Curve 4, jervine. 


presumably steroid base, there remained three points of unsaturation 0 
explained. _ 

Information on this point tvas derived from the ultraviolet 
spectrum of the alkaloid. Curve 1 , Fig. 1 , was obtained in ethano so u ' 
wdth the Beckman quartz spectrophotometer. The similarity 0 t ® 
to that recorded in the literature for neoergosterol (4) and for 
strophanthidin (5), as contrasted to those recorded for simple 
double bonds, leaves little doubt that the three points of unsatura 1 
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contained in a benzene ring system in veratramine. If this is the case, and 
the alkaloid has the formula CstHjsOjN, then some modification of the 
regular sterol skeleton must be present, since in a regular sterol ivith 27 
carbon atoms an angular methyl group would be inconsistent ivith the 
benzenoid character of the ring to which it is attached. In veratramine the 
heteroc 3 ’clic portion could not give the ultraviolet absorption spectrum 
noted because of the secondary character of the nitrogen atom. 

Since veratramine forms the glucoside, veratrosine, presumably analogous 
to pseudojen'ine, it is probable that there is present the usual hydroxyl 
group on carbon atom 3 and since no phenolic hydro.xyl can be detected. 
Ring A should not be benzenoid. In work with jervine to be described on a 
later occasion, it will be shown that this alkaloid reacts in a way consistent 
vith a hydroxyl group on carbon atom 3 and a A® double bond, since it can 
be converted through a ketone, presumably A^-jeiwone, to an allojervine 
which gives the color test of a 3-hj^droxy-A^ derivative. In the case of 
veratramine, although it was changed readily to amorphous material ivith 
aluminum tertiary butylate, no evidence could be obtained that this was of 
the usual 3-oxo-A^ character. It appears probable, as a tentative interpre- 
tation, that Ring B rather than Ring C is the site of the benzenoid structure 
and that, in consequence, the usual steroid angular carbon atom 18 attached 
to carbon atom 10 has been shifted in veratramine to carbon atom 1, as has 
been assumed to occur in trianhydrostrophanthidin (C). 

Although the veratrine alkaloids are unquestionably steroid, attempts to 
relate any one of them directly to the sterols by dehydrogenation to Diels’ 
hydrocarbon have in each case given a different result. Rubijervine is 
precipitated by digitonin and gives the transformations of cholesterol (7) 
m regard to a 3(|8)-hydroxy-A® structure, but no Diels’ hydrocarbon was 
detected upon dehydrogenation. Instead, a lower melting isomeric hydro- 
carbon (8) was obtained which was shown to possess a phenanthrene ring 
system by ultraviolet absorption spectrum study. Its properties and those 
of its trinitrobenzene derivative approximated closely the values recorded 
in the literature for I'-methyl-l ,2-cyclopentenophenanthrene (9). The 
possibility must also be considered, among others, that this hydrocarbon 
can prove to be 5-methyl-l ,2-cyclopentenophenanthrene. The formulation 
of the latter would be consistent with a methjd group on carbon atom 1 . It 
IS now our intention to determine the identity of this hydrocarbon by 
comparison with synthetic material. Although this substance is a high 
temperature product, if it should prove to be 1 '-methyl-1, 2-cyclopenteno- 
phenanthrene, its formation might raise the question as to whether carbon 
atom 15 in rubijervine is the site of a methyl group instead of carbon atom 
13. 

In the case of dihydroveratramine, the absorption cunu. Curve 2, Fig. 1, 
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has been found to resemble quite closely that of veratramine, and therefore 
indicates not only retention of the benzenoid structure but that the double 
bond of veratramine which can be h5'drogenated is not conjugated with the 
benzene ring. If the base contains the usual angular methyl group on 
carbon atom 13, this double bond would be restricted to Ring D or the sterol 
side chain which carries the nitrogen atom. 

Contrary to jervine, veratramine was found to be relatively resistant to 
acid and was recovered unchanged ivhen submitted to the action of methyl 
alcoholic HCl. As previously described, veratrosine yields veratramine and 
d-glucose on hydroly'sis. 

An appreciable fraction of alkaloidal material remained in solution as 
more soluble salts after precipitation of the above sparingly soluble sulfate 
fraction. A partial separation of the bases recovered from this fraction 
was effected by chromatograpliing through aluminum oxide. The major 
portion was gradually eluted from the column with benzene which contained 
2.5 per cent of methanol. The crystalline substance which emerged with 
amorphous material in the early fractions proved to be identical with the 
isorubijer\dne first obtained from Verairum album. This overlapped into 
later fractions which contained rubijervine. The separation of lubijervine 
from isorubijer\’-ine and a relatively large amount of amorphous material 
was effected by taking advantage of the sparing solubility in moist chloro- 
form of rubijervine which contained water of crj'stallization. 

After the elution of rubijer\dne, at first only amorphous material was ob- 
tained, but fractions were then encountered from which it was possible to 
isolate a new crystalline alkaloid in very^ small amount. 12 kilos of plant 
material jdelded about 0.5 gm. This alkaloid contained solvent and, after 
preliminary softening, melted up to about 170-175°, then crystallized again 
and remelted at 272-274°. The analytical data suggested a provisioM 
formula, C.-H^OiN (or C27H39O4N). This was supported by analyses of a 
neutral N-acelyl derivative, CiglRsOsN, and of a nitroso derivative,^ 
CjtHioOsNi. The formation of these derivatives showed the secon arj 
basic character of the alkaloid which is thus the third secondary alka 01 a 
base to be isolated in succession to jervine and veratramine (and their g 
cosides). The N-acetyl derivative was obtained by saponification 0 

uncrystallized product of the direct acetylation of the alkaloid. ^ T 

ber of OH groups involved in this intermediate acetjd derivative was 
determined. The alkaloid did not react with hydroxylamine. ^ -(jj the 

The ultraxdolet absorption spectrum. Curve 3, Fig. 1, obtain ^ 
alkaloid indicates the presence of conjugated double bonds an 
the curve obtained on a previous occasion with jervine (10), excep 
second but lower broad band with a maximum at 360 my has een 
Since the earlier obser\mtions with jervine had not been exten e 
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the latter has now been reexamined and has been found to exhibit a similar 
second broad band nith a maximum at 360 mji, Curve 4, Fig. 1. Although 
certain implications might be drawn from these observations, their inter- 
pretation will be left to a later occasion in connection uith other data which 
nill be available. 

There was evidence of the presence of other crystalline alkaloids in frac- 
tions from which the new alkaloid was obtained but in amounts too small to 
make profitable their study at the moment. Further elution of the column 
with benzene which contained more methanol continued to yield fractions 
of amorphous material from which small amounts of germine were even^ 
tually obtained. Germine was more readily isolated, although in small 
amount, by continued extraction with chloroform of the aqueous phase 
which remained after the preliminary removal of the more easUy extracted 
major alkaloid fraction discussed above. The identity of this germine was 
confirmed by the preparation of the acetonyl derivative (11). 

A relatively large amorphous fraction of alkaloid material still remained 
which will require future study. 

EXPEBIMENTAL 

Ground roots and rhizomes of commercial Verainim viride were extracted 
essentially as prerdously described (2) in portions of 2 kilos with benzene 
and dilute ammonia. The combined benzene extracts from 6 kilos were 
concentrated under reduced pressure and brought to 4 liters in benzene. 
This was extracted repeatedly with portions of a total of 5 liters of 5 per 
cent aqueous acetic acid. The free bases were reprecipitated from the 
aqueous extract with excess 25 per cent NaOH and then reextracted with 
benzene. A small persistent precipitate w'hich gradually separated at the 
interface and retarded separation was discarded and the benzene solution 
after washing with water w'as dried over sodium sulfate. The remaining 
alkaline aqueous phase by further repeated extractions with chloroform 
jielded the germine to be described below'. The benzene solution on con- 
centration to diyness gave a partly crystalline residue of approximately 65 
gm. of a crude alkaloid mixture. The solution of this material in 950 cc. 
of 5 per cent acetic acid was treated with 135 cc. of saturated ammonium 
sulfate solution. The copious rather gelatinous precipitate w'as warmed, 
which caused partial formation of minute microcrystalline aggregates. It 
was collected wdth 5 per cent ammonium sulfate solution. The precipitate 
was resuspended in fresh wash solution and recentrifuged several times to 
insure proper washing of the crude sulfate. The soluble sulfate fraction 
contained in the mother liquors was worked up as given below . The sulfate 
was then resuspended in w’ater and treated wdth excess NaOH solution. 
The mixture was shaken thoroughly with chloroform to redissolve the lib- 
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The washed extract was cleared with sodium sulfate and concentrated. A 
resinous residue of mixed bases was obtained which varied in different ex- 
periments from 16 to about 25 gm. for 6 kilos of plant material, 

32.5 gm. of mixed bases were dissolved in 200 cc. of benzene and passed 
through a column of G50 gm. of active alumina. Attempted elution with 
twelve 100 cc. portions of benzene was ineffective and so 2.5 per cent 
of methanol in benzene was used. After a liter had passed through, dis- 
solved material began to emerge from the column and was collected in lOQ 
cc. portions. The amounts obtained in each fraction after removal of sol- 
vent are recorded in Table I. Data obtained beyond Traction 32, how- 


Table I 


Chromalogram of Bases from. Soluble Sulfate Fraction 


Fraction No, 

Weight eluted 

Fraction No. 

Weight eluted 

2.5% methanol 

5% methanol 


Km. 


Km. 

1 

0.37 

17 

0.05 

2 

1.9 

18 

0.05 

3 

3.05 

19 

0.05 

4 

4.1 

20 

0.05 

5 

3.6 

21 

0.05 

6 

3.0 

22 

0.06 

7 

2.02 

23 

O.OS 

8 

1.35 

24 

0.10 

9 

1.05 

25 

0.10 

10 

0.71 

26 

0,10 

11 

0.35 

27 

0.15 

12 

0.27 

28 

0.19 

13 

0.17 

29 

0.18 

14 

0.15 

30 

0.14 

15 

0.09 

31 

0.10 

16 

0.05 

32 

0.09 


ever, in which 10 per cent methanol was employed, are not recor • 
About 70 per cent of the original weight was recovered in Fractions 
through 15. 

Each fraction up to Fraction 16 was dissolved in a small volume of c o 
form and treated noth a few drops of water to furnish water of crysta 
tion for rubijervine. The latter crystallized only on seeding m 
amount in Fraction 5, then in gradually increasing relative amoun 
Fraction 15, and again diminished. In each case it was collected wi 
chloroform. The combined yield Avas 1.5 gm. Onrecrystallizaton r 

per cent ethanol, it crystallized as needles Avhich melted at 242- 
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Wd = +20.5° (c = 0.97 ill absolute ethanol) 


For analysis, it was dried at 110° and 0.2 mm. 


C.,H„O.N. Calculated, O 78.38, H 10.49; found, C 78.38, H 10.61 


Fractions 2 to 5 (after filtration from rubijervine) were concentrated to 
remove chloroform, and the residue was dissolved in ethanol. On careful 
dilution, isorubijervine crj'stallized copiously as needles and was collected 
with 70 per cent ethanol. 2.3 gm. were obtained, which melted at 216°. 

The rubijervine mother liquors of Fractions 6 to 15 were combined and, 
after removal of chloroform, jnelded slowlj' an additional 1.2 gm. of crude 
isorubijendne. 

On recrj'stallization from dilute ethanol, isorubijervine was obtained 
which contained solvent and melted at 213-215° after preliminarj' sintering. 

For analysis, it was dried at 1 10° and 0.2 mm. 

Found, C 78.42, H 10.57 

In other cases, the relative and absolute yields of the two alkaloids varied 
considerably and appeared to depend somewhat upon striking optimum 
manipulative conditions for their separation from the larger amount of still 
uncharacterized alkaloid material. 

The Alkaloid C^^H^xO^N (or Csj/fsAAf)— As Fraction 1C emerged from 
the column, the eluting solvent was changed to 5 per cent methanol in ben- 
zene. Fractions 20 to 32 were found to contain a new alkaloid which crys- 
tallized from a methanol solution of the residues obtained after removal of 
the eluting solvent. Crj'stallization was induced by seeding ivith material 
obtained in preliminary work. The yield was 0.48 gm. In another ex- 
periment, 44 gm. of chromatographed alkaloid mixture (from 12 kilos of 
plant material) yielded 0.5 gm. of the new alkaloid. 

On recrystallization from methanol, it formed six-sided platelets, some 
sufficiently long and narrow to constitute needles. After preliminary sin- 
tering above 130°, it gradually softened to a melt with effervescence at 
about 170-175°, crystallized again on further heating, and then melted at 
272-274°. It dissolved readily in chloroform, acetone, appreciably in ben- 
zene, rather sparingly in methanol or ethanol, and very sparingly in ether. 

[„]” = -78° (c = 0.63 in methanol) 

It contained solvent and for analysis was dried at 110 and 0.2 mm. 


Cj,H„0,N. 
C27H3 9O4N . 


Calculated. 

c 

73 . 0 s. 

H 9.32 

it 


73.42, 

“ 8.91 

Found, (a) 

<C 

73.41, 

“ 9.30 

(6) 


73.10, 

“ 9.42 

(c) 


72.93, 

“ 9.24 
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The new alkaloid did not yield a sparingly soluble sulfate. The hydro- 
chloride crystallized in the presence of excess dilute HCl. 

The N-Acelyl Derivative — ^The alkaloid was boiled for a minute with acetic 
anhydride. After decomposition with water, the mixture was directly 
extracted with chloroform. The latter after concentration left a resin of 
the polyacetyl derivative which did not crystallize. It was dissolved in a 
small volume of methanol, treated with excess alkali, and boiled a few 
minutes to saponify the ester groups. The diluted mixture was acidified 
with H2S0< and all neutral material was extracted with chloroform. The 
latter on concentration yielded a resin which finally crystallized from a 
small volume of dilute methanol. It formed flat micro prisms or short 
broad needles which contained solvent and melted at 168-170°. 

For analysis, it was dried at 100° and 0.2 mm. 

CmH„OsN. Calculated. C 71.70, H 8.93; found, C 71.41, H 9.07 

The Nitroso Derivative — ^50 mg. of the alkaloid were dissolved in 2 cc. of 
water and 0.2 cc. of acetic acid. Upon addition of sodium nitrite solution, 
it soon became a mass of ciy'stals. After standing, the mixture was ex- 
tracted with chloroform and the extract was shaken with dilute HjS0(, then 
with water, and dried. This yielded on concentration material which crys- 
tallized from dilute ethanol as lustrous, microscopic, six-sided platelets, and 
melted at 263-265°. 

It containedsolvent and for analysis was dried at 1 10° and 0.2 mm. 

CjiH.oOd^,. Calculated. C 68.60, H 8.53 
Found. “ 68.91, “ 8.48 

Germine — The above alkaline aqueous phase which remained after re- 
extraction of the crude alkaloid mixture with benzene was subsequent) 
extracted twelve times with chloroform. The combined extracts a ter 
drying and concentration yielded a residue of 1.8 gm. When dissolved in 
methanol and seeded with germine, crystallization occurred. 0.23 gm. o 
alkaloid w'as obtained, although continued extraction of the aqueous p 8^ 

yielded additional amounts of the alkaloid. On recrystallization rom 

methanol, it formed small prisms which melted gradually at 163-16 ° 

paste filled with bubbles. 

[„]“ = +5° (c = 0.97 in 95% ethanol) 

For analysis, it was dried at 110° and 0.2 mm. 

CjrH«OsN. Calculated, C 63.61, H 8.51; found, C 63.52, H 8.70 

For further characterization, the acetonyl derivative vras 
previously described (11) for acetonylgermine through the hy oc 
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which was then converted to the free base. The latter agreed in melting 
point and other properties vith acetonylgermine. 

CjbHitOiN. Calculated, C C5.53, H 8.62; found, C 65.92, H 8.66 

All analj-tical data reported here were obtained by Mr. D. Rigakos of 
this laboratorj'. 


SUMMARY 

A studj’’ of the alkaloids contained in the benzene eictract of the roots and 
rhizomes of commercial Veralmm viride Alton has resulted in the isolation 
of rubijervine, isorubijervine, jervine (the preponderating base), veratra- 
mine, germine, and a new alkaloid, Cj7H4iO<N (or C27H39O4N). The for- 
mulation of veratramine has been revised to C27H3902N. A triacetyl 
derivative is formed on acylation which by saponification yields an N- 
acetylveratramine. Absorption spectra data consistent with a benzenoid 
structure have been obtained with the alkaloid and its dihydro derivative. 
It must therefore possess four double bonds. In interpreting its structure, 
a rearrangement of one of the usual steroid angular methyl groups has been 
considered. 

The new alkaloid, C27H41O4N, is also a polyhydroxy secondary base which 
yields an N-acetyl derivative and a nitroso derivative but no oxime. 
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THE MINERAL COMPOSITION OF HUMAN EPIDERiMIS* 

Bv V. SUNTZEFF and CHRISTOPIIEH CAURUTHERS 

{From the Barnard Free Skin and Caneer Hospital, and the Department of Anatomy, 
Washington University School of Medieine, St. Louis) 

(Received for publication, July 30, lO-lj) 

Our investigations on epidermal methylcholanthrene carcinogenesis in 
mice have demonstrated the utility of certain methods of direct chemical 
analysis of epidermis (1, 2). It seemed desirable to apply these techniques 
to normal human epidermis with the idea of later investigating human 
squamous cell carcinomata and of comparing the chemical changes in epi- 
dermal carcinogenesis in human and mouse epidermis. 

EXPERIMENTAL 

The epidermis was cleanly separated from the dermis by the procedure 
of Baumberger, Suntzeff, and Cowdry (3). Weighed samples of the epi- 
dermis (250 to GOO mg., wet weight) were completely ashed at 450° in a 
muffle furnace in silica crucibles, and the mineral content on the hydro- 
chloric acid solution of the ash (one sample was used for the determination 
of one metal) was determined as follows: sodium polarographically as 
sodium uranyl zinc acetate (4) ; magnesium polarographically as magnesium 
hydroxyquinolate (5) ; potassium as potassium chloroplatinate by the pro- 
cedure of Consolazio and Talbott (0); and calcium as calcium oxalate by the 
method (on a micro scale) of Lindner and Kirk (7). Due to the fact that a 
considerable area of skin is required to give sufficient epidermis foi a 
single analysis, some of our samples were limited to a single determination 
of one of the metals. However, in cases of leg and arm amputations and of 
radical breast removals,' sufficient epidermis was made available foi meas- 
urements of two to four of the metals (potassium, sodium, calcitun, and 
magnesium) in duplicate. Skin removed from gangrenous legs vas taken 
at a considerable distance from the lesion, as were also samples invob ing 
osteosarcomas. Breast .skin was u.scd only if it appeared normal and was 
not adjacent to areas of induration. In all cases the whole skin was re- 
moved as soon as possible after operation, and after the epideimis Mas 
washed with distilled water it was separated from the dermis. Specimens 

* Aided by grants from The International Cancer Research Foundation, the 
National Cancer Institute, and an anonymous donor. 

‘ The authors are indebted to Dr. P. A. Wheeler, Dr. J. A. SaUon, and Dr. D. S. 
Verda of the City Hospital, St. Louis, for the skin from diabetic and arteriosclerotic 
legs, and to Dr. RI. G. Seelig and Dr. Z. Cooper of this hospital for forearm and breast 
skin. 
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of all samples 11616 fixed and stained for histological control to insure our 
dealing i\ith normal epidermis. Prior to operation, some of the samples 
had been painted with metaphen, but a comparison of the anab'ses between 
painted and unpainted areas did not reveal any significant differences in 
metal content. 


Table I 


Mineral Compoeilion of Buman Epidermis 


Sample 

Age find 
sex 

Hetal per 100 mg. cpMemis 

£ 

Ns 

Ms 

Ca 



mf. 

mg. 

nr. 

nr. 

Leg, diabetic gangrene 

72 M. 

0.279 

0.111 

n 


<( i( <( 

79 “ 

0.284 

EB 1 3 

EH 


(C II 11 

73 “ 

0.288 

Ht ! * 



II II II 

62 “ 


BIf ! 4 



II II <1 

II 

IjKy 

HI IS 


0.014 

11 If ft 

If 





” arteriosclerotic gangrene 

67 “ 

0.275 



■mi a 

11 11 II 

74 “ 

0.304 


' 

■mi 1 

II If If 

59 » 

0.278 

0.140 

O.OIS 

0.014 

Arm, osteogenic sarcoma 

11 

0.301 

VK Ti] 

0.017 

0.018 

II <1 II 

60 “ 

0.313 

Eff ^ 

0.015 


Leg, arteriosclerotic gangrene 

49 “ 

0.341 

Hi 11 

0.021 


“ diabetic gangrene 

65 “ 

0.353 

Hi ^ 

0.018 

0.014 

If II II 

fC 

0.330 

HI i!!l 


liKM 

1C If 11 

69 “ 

0.333 




If If 11 

67 ■* 

0.334 




II II If 

64 F. 

0.348 


Iwa 

0.016 

fC 11 If 

66 M. 

0.357 


iifiiJ 


Leg, not gangrenous 

19 " 

0.374 



0.015 

Arm, osteogenic sarcoma 

15 F. 

0.377 


ii8i3 


Breast carcinoma 

52 “ 

0.345 



imi M 

Cl 11 

39 •' 

0.371 



EsI 

Average 




0.015 



1 

1 

— 


Results 

In our preliminary work, in which there was only sufficient epidermis for 
a single analysis or for an analysis in duplicate, fourteen samples contame 
0.263 to 0.277 mg. of potassium per 100 mg. of epidermis and six others ha 
0.304 to 0.340 mg. per 100 mg. In the same category sixteen sainples o 
epidermis had 0.014 to 0.018 mg. of calcium per 100 mg. of epiden^- 
These samples for both metals were from amputations of legs show^ 
diabetic gangrene, excised carcinomatous breasts, and one from a leg m 
osteosarcoma. 
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Tlie results on the samples of skin from one area of the body which suf- 
ficed for the determination of two to four of the metals in duplicate are 
shown in Table I, and are expressed ns mg. of metal per 100 mg. of epi- 
dermis. The values for the potassium content of these samples are tabu- 
lated in two groups; in one they varied from 0.275 to 0.313, in the other 
from 0.330 to 0.372 mg. per 100 mg. In the limited samples available there 
appeared to be no relationship between potassium content and the age 
or sex of the individual, the kind of associated lesion, or the location of the 
skin. The sodium contents were less uniform. The amounts of mag- 
nesium and calcium are in good agreement and the contents of calcium 
are about the same as those reported above in which there was only sufficient 
skin for the determination of one metal. The over-all average of each metal 
per 100 mg. of epidermis was as follows: 0.322 mg. of K, 0.122 mg. of Na, 

0. 018. mg. of Mg, and 0.015 mg. of Ca. 

The technique used for separating the epithelial cells (epidermis) from 
the underlying dermis (3) has the advantage of giving pure cellular material 
for chemical analysis, a procedure which has made possible our studies on 
epidermal carcinogenesis in mice (2) and should be of obvious value for 
other investigations. The same method may well be employed to collect 
pure samples of other epithelia (buccal mucous membrane, nasal mucous 
membrane, etc.) for biochemical investigations. 

SUMMARY 

The mineral composition of human epidermis wth respect to potassium, 
sodium, calcium, and magnesium was investigated. The average amount 
of each metal per 100 mg. of epidermis was 0.322 mg. of K, 0.122 mg. of 
Na, 0.018 mg. of Mg, and 0.015 mg. of Ca. With the limited material at 
our disposal no relationship between the mineral content and the age, 
sex, the associated lesion, or the location of the skin was apparent. 
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THE ESTIMATION OF FREE FORMALDEHYDE BY DIFFUSION* 
Bv M. JOHN BOYD and MILAN A. LOGAN 

(From the Department of Bxologieal Chemistry, University of Cineinnati College 
of Medicine, Cincinnati) 

(Received for publication, July 12, 1945) 

The procedure to be described was devised for the purpose of determining 
the amount of free or uncombined formaldehyde in bacterial toxins during 
the process of rendering them non-toxic. The determination of formalde- 
hyde is made without changing the pH and without diluting the sample to 
be tested. Disturbance of amino acid-formaldehyde equilibria existing in 
solution is therefore minimum. 

The following principle is employed in the diffusion procedure. Formal- 
dehyde vapor is allowed to diffuse from the surface of a solution to be 
analyzed into a membrane containing phenylhydrazine hydrochloride. A 
red color is developed in the membrane by adding ferricyanide and acid 
and compared with colors developed at the same time in a similar manner 
from standard solutions of formaldehyde. 

The outstanding merit of the phenylhydrazine-ferricyanide reaction for 
formaldehyde as applied in this procedure is its remarkable sensitmty. 
NotAvithstanding the very low volatility of formaldehyde in dilute solutions, 
samples containing 2 to 1000 y of formaldehyde per cc. are suitable for 
analysis. Presumably only a small proportion of the formaldehyde in or 
near the surface of the solution takes part in the reaction. 

Rimini (1) evidently first used phenylhydrazine in a colorimetric test 
for formaldehyde. As modified by Schryver (2) and others (3, 4), the 
reagents have been used to test for free formaldehyde. In these methods 
the reagents (one of which was fairly concentrated HCl or NaOH) were 
added to the solution to be analyzed. The color that was developed de- 
pended, in part, on the amount of formaldehyde which remained dissociated 
from combinations with amino acids after the addition of the reagents. 

The procedure and apparatus are designed so that the formaldehyde can 
be determined to ±10 y per cc. in solutions containing less than 200 y 
per cc. and to ±5 per cent for higher concentrations.* The procedure is 
performed with apparatus which is readily constructed and a technique 

* The work described in this paper w'os done under a contract, recommended by the 
Committee on Medical Research, between the Office of Scientific Research and Devel- 
opment and the University of Cincinnati. 

‘ From 0 to 20 7 results (±2 y) ean be obtained with a cellulose nitrate film. \\ ith 
the Visking membrane, concentrations higher than 1000 y per cc. can be determinci 
with slight sacrifice in accuracy. 
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which is easily mastered. Significant changes in formaldehyde concentra- 
tions during the detoxication process are easily and quickly determined on 
small samples of toxin-toxoid. 

The method has been applied to the investigation of combinations of 
formaldehyde with amino acids over a wide range of pH. It has been 
found that the rate at which formaldehyde dlEuses from pure dilute solu- 
tions is dependent on the pH of the solution. These variations with pH 
are recorded and discussed. 


EXPERIMENTAL 

Apparatus — 

Test Mack (Fig. 1). Twenty holes, 0.25 inch apart, are drilled with a 
0.75 inch drill in twm rows equidistant from the center line on a block of 
resin (such as Lucite, Plexiglas, or Formica) measuring 2.25 X 1 X 12 inches. 
The large diameter of the drill is allowed to penetrate the block 0.3 of an 
inch. A block drilled to a depth of 0.5 inch is satisfactory and may be 
preferable when the concentrations of formaldehyde to be determined are 
500 to 1000 7 per cc. (Holes drilled to a depth of 1 inch have not been 
satisfactory.) 

The block is now parafiined. The holes are filled with molten parafci 
and the excess paraffe is removed by vigorously shaking the block upside 
down. Lucite was selected from the currently available resins because 
the surfaces of the blocks were plane. Formica blocks have the saine 
advantage.^ A drilled Formica block should be heated to 100° until it 
gives a negative test for formaldehyde when exposed to the membrane 
containing phenylhydrarine hydrochloride. It should be parafSned fre- 
quently. 

Glass plate for Visking membrane. Photographic plates Id X 3 X 0.0 
inches are excellent for this purpose. The plates should be cut 1 inch wider 
than the test block. 

Glass container for phenylhydrazine solution. A cuboidal glass contemer 
approximately 4X5X3 inches deep, with cover. A refrigerator dis is 

suitable. v n2' 

White opaque glass plate. A white opaque glass plate 4 X 14 X • 
inches thick to be used as a background for matching color. 

Visking cellulose sausage casing. A roll of Visking cellulose sausage 
casing 1.875 inches wide is used for the membrane (Visking Corpora ion, 
Chicago). This should be stored at room temperature, 

1 per cent phe^iylliydrazine hydrochloride. 3 gm.of recrystallized pheny 

* Formica was kindly supplied by the Formica Insulation Company, Ci 
Ohio. 
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hydrazine hydrochloride are dissolved in 300 cc. of distilled water (prepare 
fresh daily). 

10 "per cent potassium fem'eyanide. 20 gm. of solid ferricyanide are dis- 
'solved in 200 cc. of distilled water. 

Approximately 3.6 N HCl. 300 cc. of concentrated HCl are diluted to 
1 liter. 

Standard Formaldehyde Solution — A procedure for the standardization of 
concentrated (1 to 12 m) formaldehyde solutions has been previously 
described (5). Standard solutions (0.001 to 0.03 m) suitable for use in this 
diffusion procedure can be prepared by diluting standardized formalin 
solutions. Identical results are obtained by standardizing solutions pre- 
pared by hydrolysis and distillation of paraformaldehyde as described by 
Weinberger (6), or from commercial formaldehyde, the methyl alcohol of 
which is removed by reflu-xing, as described by Blair and Ledbuiy (7). 



Fig. 1. Test block 


If the pH of a solution to be tested lies between 3.0 and 7.0, the dilution 
of the standards can be made with distilled water. Addition of phthalate 
or acetate buffer in the range of pH 3.0 to 7.0 makes no difference in the 
results. Variations of salt concentrations to the extent of 1.0 ii are without 
influence. 

If the pH of a solution to be tested is above 7.0 or below 3.0, the pH of the 
standards must be adjusted to correspond with that of the unknown within 
0.1 pH unit. Phosphate or borate buffers or sulfuric or hydrochloric acid 
added to make the solution 0.1 m may be employed to aid in maintaining 
a suitable pH. 

The addition of 0.001 per cent sodium dodecyl sulfate to the standards 
facilitates pipetting the solutions so that they lie evenly in the depressions 
of the test block and with a meniscus approximating in shape that of 
many toxoids. Omission of dodecyl sulfate makes no difference in the 
results. 

For testing toxoids dilute standards containing from 20 to 1000 y per 
cc., differing serially by 20 y per cc., may be employed. 
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Solutions buffered at pH 1.0 to 6.0 are stable for more than a week at 
4°. Solutions buffered at pH 7.0 to 9.5 do not change for 24 hours at 4°. 

Procedure — A small roll of Visldng membrane (a sufficient amount for 
1 day’s use) is soaked in 1.0 per cent phenyIh5'drazine-h3’’drochloric acid 
solution in the glass container for at least a half hour before use. (The 
membrane may be left in the solution for the remainder of the day.) l^Tien 
the membrane is readj’- for use, it is pulled over the edge of the container 
onto a glass plate, so as to cover the entire length of the plate. The mem- 
brane is cut at the end of the plate and its surface is wiped with a clean 
cloth, thereby removing any adherent liquid, wrinkles, or bubbles of air 
which appear between the glass and the cellophane. The membrane is 
now readj' for use. 

1 cc. quantities of standard formaldehyde solutions and 1 cc. quantities 
of the unknown containing 20 to 1000 -y per cc. are introduced into the 
holes of the te^t block. Standards are prepared so as to contain 20, 40, 
GO, 80, 100 7, etc., of formaldehj'de per cc. 

The plate membrane is placed over the holes in the test block. A small 
weight is put on the plate to hold it firmly against the block. The mem- 
brane is exposed for about 30 minutes for formaldehyde concentrations 
between 20 to 100 y per cc., 15 minutes between 100 and 200 y per cc., 
5 minutes between 200 and 300 7, and 2 minutes for liigher concentrations 
up to 1000 7 per cc. 

At the end of the exposure to the formaldehj'de the plate membrane is 
removed from the test block and approximately 200 cc. of ferricyanide 
solution are poured on the exposed surface. The same quantity of 3.5 
N HCl is poured on the membrane, and the red color develops almost im- 
mediateljx In order to remove all excess ferriej'anide the plate membrane 
is given a second washing with the same quantity of 3.5 N HCI. Exces 
reagent is wiped off and the glass plate with the membrane uppermost is 
placed against the white opaque glass background to match the unknown 


colors with the standard ones. 

When many samples are to be tested of which the concentrations are not 
knowm even approximately, the following procedure saves time. All the 
samples are tested at the same time against standards which differ serial j 
by 50 to 100 7 per cc., depending on the probable spread of the concentra- 
tions of the unknowns. The membrane is exposed to the formaldeby e 
solutions in the block for 5 minutes. Samples of wiiich the concentratioM 
must be determined with greater accuracj' are again tested against^tn e 
standards which differ serially' by 20 7 per cc. and are exposed for the times 


suggested above. _ , 

Preparalion of CeUtdoee Nilraic Plate Films — The following proewure 
the preparation of plate films was employed in this laboratory or mo 
than 9 months. The apparent intenaty of color produced on ese 
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is at least twice as great as that produced on the cellophane membrane. 
1 to 2 7 of formaldehyde produces a readable color on the films. The 
procedure is therefore to be preferred for the estimation of concentrations 
of formaldehyde from 0 to 20 7 per cc. An exposure time 50 to 75 per cent 
of that recommended for the cellophane plate is adequate and the color is 
developed as described for that procedure. 

For the determination of free formaldehyde, in many toxoids the cello- 
phane membrane is preferred because a minimum of skill is required in its 
preparation. 

Apparatus — 

Turntable (optional). A smooth board 14.5 inches long and 3.5 inches 
wide is mounted at its center on a vertical shaft in a bearing. The device 
is equipped with a brake. The surface of the board should be capable of 
rotation in a horizontal plane. 

Reagents — 

10 per cent nitrocellulose. A 10 per cent solution of nitrocellulose is pre- 
pared by dissolving 143 gm. of nitrocellulose (type 7720 5 second PXP con- 
taining 43 gm. of alcohol) in 457 cc. of aldehyde-free ethyl alcohol and 500 
cc. of ether. This stock solution is stored in the cold room. 

0. 6. per cent phenylhydrazine hydrochloride. The phenylhydrazine hydro- 
chloride is prepared by dissolving 3 gm. of recrystallized phenylhydrazine 
hydrochloride in 450 cc. of aldehyde-free ethyl alcohol and 50 cc. of ether. 
This solution is also kept in the cold room and should be prepared fresh 
each week. 

Nitroccllulose-phenylhydrazine mixture. Equal quantities of 10 per cent 
nitrocellulose and 0.6 per cent phenylhydrazine hydrochloride are mixed 
in a graduate cylinder by inverting the cylinder several times. Approxi- 
mately 30 cc. of this mixture are used in preparing each plate film. This 
mixture is to be prepared fresh each day. 

Potassium ferricyanide solution and 3.5 n hydrochloric acid are prepared 
as described for use with the cellophane membrane. 

Preparation of Plate Film — ^Either of the follo'^ving methods may be used 
satisfactorily. 

1. A clean thin glass plate is placed in a horizontal position on a large 
level sheet of glass. With one stroke, the nitrocellulose-phenylhydrazine 
mixture is poured on the plate so as to cover it completely. The plate is 
immediately tipped upon its edge with the long axis still horizontal and 
allowed to drain 5 seconds. The plate is then laid flat on the level glass 
surface and permitted to dry for 3 minutes at 30° or 5 minutes at 25 in 
still air. When the plate film is made in this manner the unknowns and 
formaldehyde standards must be placed in the same row of holes in the 
test block. 

2. A thin glass plate is placed with its center opposite the center of a 
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level turntable. A streak of beeswax at each end of the board will keep 
the glass in place. With one stroke the plate is covered with the nitro- 
cellulose-phenylhydrazine mixture. The turntable is immediately ^un 
so as to make two complete revolutions in approximately 1 second. Plate 
films made by spinning at double this speed are not satisfactoiy. After 
three or four revolutions the brake is applied. The plate is immediately 
placed on a level surface and dried for 3 minutes at 30° or 5 minutes at 25°. 
The colored spots produced fay the same standards placed in both rows of 
holes in the test block will be identical for plate films prepared in this 
manner. 

The prime objective in pouring the plate is to prepare a film which is 
uniform in thickness over the area which is to be exposed to the solutions. 
The technique employed should be tested by preparing films containing 
a dye, such as methyl red, and noting the uniformity of the film or by 
developing the color of the same standard placed in various holes in the 
test block. 

The directions given above have worked, satisfactorily at room tempera- 
,5, tures from 25-30° and relative humidities of 60 to 76 per cent. Unusual 
,5^ atmospheric conditions might necessitate changes in the drying time. If 
the plate is too moist (too much solvent present), the color developed will 
be spotty. If the plate is dried too long, less than the usual amount of 
color •will be developed. When the film is properly dried, the surface is 
still tacky and the odor of ether has for the most part disappeared. 

Effect of Added Substances on Diffusion of Formaldehyde — ^It is shown 
(Table I) that redistilled acetone added to make the concentration 0.025 m, 
redistilled ethyl or methyl alcohol added to the extent of 0.5 m, or sodium 
chloride added to make the concentration 1.0 m did not influence the amou^ 
of color produced by a solution 0.01 M in respect to formaldehyde at pH 
5.0 when compared ivith a 0.01 M formaldehyde solution at pH 5.0 without 
the additions. Similarly 0.01 per cent sodium dodecyl sulfate did not 
influence the results. Higher concentrations of the volatile substances 
decreased the color obtained. Concentrations of acetaldehyde 
than 0.001 m appreciably decreased the amount of color obtained, 
cc. portions of solutions which were 0.1 m in respect to acetaldehyde an 
0.01 m in respect to formaldehyde were aerated -with a rapid current o air 
for 30 minutes and the solution made to its original volume. The origins 
concentration of formaldehyde remained unchanged. 

‘ When the Schryver reagents are added to the solution to be teste , 
resulting reaction is far from specific for formaldehyde (8). As use m 
diffusion procedure, the reaction is more nearly specific. Compoun 
eluding lactic, pyruvic, malic, and tartaric acids, glycerol, an gi 
which are said to give rise to color when the reagents are a e 
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solution (8), produce no coloration in the membrane used in the diffusion 
procedure. 

Ejfect of pH on Diffusion of Formaldehyde from Solution — As shown in 
Fig. 2 the amount of color produced in the membranes in a given time by 
0.01 M formaldehyde solution is constant if the pH is between 3 0 and 7.0. 
As the pH of the solutions is increased above 7 0 or decreased below 3.0, 
the amount of color produced in the membrane is increased Similar re- 
sults are given by 1.0 and 0.005 m solutions of formaldehyde. 

To determine the influence of pH on the diffusion of formaldehyde, buffer 
solutions made according to Clark (9) were added to standard formaldehyde 
solutions so that the concentration of formaldehyde would be 1.0, 0.01, 

Table I 


Effect of Added Substances on Diffusion of 0 01 u Formaldehyde Solution 


Substance added 

Concentration 

Formaldehyde found 


u 

y per ce 

0 . . 


300 

Acetone 

0.025 

300 

(( 

0.5 

280-290 

Methyl alcohol 

0.5 

300 

it ti 

1.0 

280 

Ethyl “ 

0 5 

300 

ti 

1.0 

290 

Acetaldehyde 

0 005 

240 

it 

0 001 

290-300 

ft 

0.1 (Aerated 30 nun ) 

300 

Sodium chloride 

1.0 

300 

tt it 

0 5 

300 


ftr c<nf 


Sodium dodecyl sulfate. . 

0.01 

300 


or 0 005 M in 0.1 m buffer solution. Comparable tests in 0 05 m buffers 
(above pH 1.0) gave s imil ar results. 0.1 n hydrochloric acid, 0.1 N sulfuric 
acid (pH 1 0), phthalate (pH 2.4 to 5.6), acetate (pH 4 0 to 6 0), phosphate 
(pH 6.4 to 7.4 and 11 6), and borate (pH 8 6 to 9 6) buffers were used. 

The color produced by the formaldehyde solutions at different pH values 
was compared with standard formaldehyde solutions buffered at pH 4 0, 
which differed serially by 20 y of formaldehyde per cc. 

If the pH of a formaldehyde solution is changed from 1.0 or 9 0 to 4.0 
or vice versa, the formaldehyde rapidly attains a rate of diffusion corre- 
spondmg to the new pH. 

The phenomenon is obviously a consequence of the dipolar characteristics 
of formaldehyde (10-15). The change in rate of depolymerization with the 
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change in pH found by Wadano, Trogus, and Hess (13) is similar to that 
which we have found in respect to the rate of diffusion. 

It may be presumed that the change in diffusion with changes in pH 
is dependent on the extent of anionic or cationic dissociation of the formal- 
dehyde. Whether or not that dissociation manifests itself by increased 
concentration of the ions in the surface layers or decreased polymerization 
in the surface layers, or both, has yet to be shown. 

Combinalion of Dilute Formaldehyde with Amino Acids — ^The extent to 
which amino acids combine with dilute formaldehyde at different pH 
values was compared in the following way. 



Pig. 2. Effect of pH on the diHusion of formaldehyde from solution 

A series of formaldehyde standards xvhich differed serially by 20 Y l^J 
cc. from 20 to 300 7 of formaldehyde was prepared in 0.1 m bu ers 
several pH values. Phthalate (pH 3.4 and 5.0), phosphate (pH . 1 • ' 
and 11.6), and borate (pH 9.0) buffers were employed and prepared 
ing to Clark (9). 0.1 n HjS 04 was used for pH 1.0. The 
tained 0.004 per cent of suitable indicators (thymol blue. qq\ 

blue, brom-cresol green, brom-thymol blue, phenol red, or 1” 

Each amino acid-formaldehyde solution was prepared so t la ' s 
centration of amino acid was 0.1 M (or 0.01 M for the least sou 
formaldehyde 0.01 m (300 7 per cc.), and buffer and indicator siroiia 




M. J. DOYD AND M. A. LOGAN 


579 


in a series of formaldehyde standards. The pH of each was adjusted with 
NaOH or HjSOi to correspond, as judged colorimetrically, with that of the 
appropriate series of buffered formaldehyde standards. 

The amino acid-formaldehyde solutions were compared against standards 
1 hour and 24 hours after mixing. These reactions were carried out at 
room temperature (25°). 


Table II 

Combination of 0 01 u Formaldehyde with Amtno Acids at £5° during Period of 1 Hour 

after Mixing 

Each amino acid solution was 0 1 m with the exception of tryptophane and tyro- 
sine. The total formaldehyde concentration of each solution nas 0 01 M (300 t 
per cc.). 


The results are expressed in micrograms per cc 


Ammo acids 

CHjO remaining m solntion 




pH 7 4 

pH9 0 

pH 11 6 

Glycine 




300 

300 

20-40 

dl-Alanine . 




300 

300 

60-80 

dl-0 Phenylalanine 




300 

300 

280 

df-Valine 




300 

300 

160 

1(— )-Proline 





300 


dZ-Norleucine 




300 

220* 


Z(— )-Leucine 




300 

200* 


Z(— )-Tyro8ine (0 01 m) 





300 

280 

Z(-i-) -Glutamic acid 




300 

220* 


Z(-l-)-Aspartic “ 



1 

300 

220* 


dZ-Methionine 



j 

300* 

150 


Z(-|-)-Lysinet 



300 

300 

70 


Z(-i-)-Argminet 




300 

70 


dl Senne 

280 

280 

280 

240 

50 


dZ-Threonine 

270 

250 

240 

90* 

5-10 


dl Tryptophane (0 01 m) 

280 

240 

140 

240 



Z(— )-Histidinet 

240 

240 

150 

0 



Z(— )-Cysteinet 

1-2 

0 

0 





’ Identical results were obtained 24 hours after mixing, 
t Added as the monohydrochloride 


As is shoivn in Table II, a combination of formaldehyde and f veral 
amino acids which are not substituted in the P position is evident with 
concentrations employed only at a pH above 9.0 or m some cases above p 
7.4 The reaction which occurs goes to completion promptly. 

The extent of the reaction between formaldehyde and serine, t reonine, 
and cysteine increased in the order given (Fig. 3; Table II). t 
amino acids show some combination with formaldehyde be ow p 
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and in the case of cysteine essentially all formaldehyde was bound at pH 

1 . 0 . 

The combination of tiyptophane^ mtli formaldehyde shows a maximum 
at pH-5.0 (Fig. 4; Table 11). The reaction proceeds at a finite rate over 
several hours and finally results in the deposition of crystals. Histidine 
reacts rapidly with formaldebj-^de at pH 7.4. At pH 5.0 the reaction pro- 



values 1 hour after mixing. 


ceeds slowly for many days (Fig. 5) until mth the concentrations emp oye 
the formaldehyde completely disappears from solution. , ^ 

The results are consistent with and extend previous findings mt senn 
(16), cysteine (17), tryptophane (18-20), and histidine (21). 

In Fig. 6 is shovm the disappearance of formaldehyde from a ac 
’ We are indebted to The Dow Chemical Company, Midland, Michigan, for a S 
erous gift of synthetic di-tryptophane. 


300 ' 
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filtrate as determined by this procedure. The filtrate was prepared from 
an enzymic digest of muscle which contained 0.4 per cent nitrogen. The 
conditions illustrated are typical but are not necessarily those found best 
suited for any partieular detoxication. The loss of formaldehyde repre- 
sents combination with constituents of the medium. Only an infinitesimal 
portion of formaldehyde can be presumed to combine with the toxm in 
these filtrates. In our hands the procedure has been of great value in 
controlling the concentrations of formaldehyde in bacterial filtrates from 



Fig. 6. Disappearance of formaldehyde from a bacterial filtrate 

three different species in order to accomplish detoxication with minimum 
loss of antitoxin combining power. 

SUMMARY 

1. A procedure has been developed for the estimation of free 
byde in solution. The following principle is employed. Form 
vapor is allowed to diffuse from solution into a membrane con 
phenylhydrazine hydrochloride. A red color is developed in the 
by adding ferricyanide and acid and is compared with colors eve o 
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the same time in the same manner from standard solutions of formaldehyde. 

2. The effect of pH on the diffusion of formaldehyde from solution has 
been studied. 

3. The reaction of dilute formaldehyde with amino acids at different pH 
values has been investigated. The results show that amino acids with SH 
or OH groups in the /9 position combine immediately to a greater extent 
vith formaldehyde than those not so substituted. 

4. The procedure is useful for the control of formaldehyde concentration 
during detoxication of bacterial filtrates. 
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PREPARATION OF PITUITARY THYROTROPIC HORMONE* 
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The existence of a thyroid-stimulating hormone in anterior pituitary 
gland tissue has been known for 30 years (1, 2). During this time, con- 
siderable work has been done on the physiological and the pharmacological 
effects of the thyrotropic hormone administered in the form of pituitary 
extracts which had been subjected to a varying degree of manipulation. 
Relatively little progress on the purifieation and chemical characterization 
of the thyrotropic hormone was made until 1931 (3). Since that time 
several methods of purification of the pituitaiy thyrotropic hormone have 
been described. Although some of these methods (4-9) effect significant 
concentration of the thyrotropic activity of pituitary tissue, the procedures 
either are not described in sufficient detail to allow ready repetition or 
result in poor yield of hormone. The most aetive preparation so far 
reported appears to be that of Fraenkel-Conrat, Fraenkel-Conrat, Simpson, 
and Evans (9), whose method yields material assa 3 nng 480 chick weight 
units per mg. of nitrogen. This represents a 100-fold increase in concentra- 
tion of the hormone. Since their preparation contained 13 per cent N, it 
would assay about 65 chick weight units per mg. on a dry weight basis. 

In no case has more than a crude attempt been made to characterize 
the chemical and physicochemical properties of the hormone. Available 
evidence indicates that the hormone is protein in nature. 

It is the object of the present communication to present a description of 
a rather simple procedure which consistently yields significant amounts of 
a thyroid-stimulating product with a degree of physiological activity 
higher than any preparation previously described in the literature. A 
brief qualitative description of the thyrotropic preparation is given. At 

* This investigation was aided by grants to Dr. Abraham W4ite from the Fluid 
Research Fund of Yale University School of Medicine and from the Committee on 
Therapeutic Research, Council on Pharmacy and Chemistry, American Medical 
Association, and to Dr. C. N. H. Long from the Committee for Research in Endocrin- 
ology, National Research Council. 

Some of the data in this paper are taken from a dissertation presented by Leon S. 
Ciereszko to the faculty of the Graduate School of Yale University, in partial ful- 
filment of the requirements for the degree of Doctor of Philosophj'. 

t Present address. Department of Biological Chemistry, University of Utah School 
of Medicine, Salt Lake City. This paper was written while the author was with the 
Medical-Research Division, Sharp and Dohme, Inc , Glenolden, Pennsjdvania. 
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a later time, the physicochemical properties of the product will he de- 
scribed. 

In a previous publication from this laboratory, Bonsnes and White (10) 
described a procedure for the fractionation of saline extracts of fresh heef 
pituitary glands. By the use of isoelectric precipitation, followed by 
gradually increasing concentrations of acetone, it was posable to prepare 
a fraction with marked thyrotropic hormone activity. Essentially, tliis 
fraction represented material precipitated from a saline extract of pituitary 
tissue by 75 per cent acetone at pH 4.0 after the previous removal of 
precipitates at pH 5.4, 4.8, 4.0, and 4.0 with the addition of acetone to a 
concentration of 50 per cent. 

The preparation of the thyrotropic fraction of Bonsnes and White has 
been simplified by omitting the isoelectric precipitations at pH 5.4 and 
4.8. Thyrotropic hormone activity has been further concentrated by 
extraction of the 75 per cent acetone-insoluble precipitate ivith water, and 
treatment of this aqueous extract with lead acetate and with trichloro- 
' acetic acid. The product obtained from whole frozen beef pituitary glands 
by this procedure gives a positive histological response in the thyroids of 
V white Leghorn chicks when given at a total dose of 1 Growth, gonado- 
tropic, and prolactin activities are absent from the preparations obtain^ 
from beef glands. Preliminary studies in the Tiselius electrophorrais 
apparatus and in the analytical ultracentrifuge indicate the homogeneity 
of the preparation. 


EXPERIMENTAL 

Method of Assatj — The biological activities reported in this study are 
based on the histological changes in the thyroid of the 8 day-old male 
white Leghorn chick. Injections were started when the chicks were 3 
days old. Single, subcutaneous doses were given daily for 5 days, a yoliOTe 
of 0.5 ml. being used for each injection. 24 hours after the last injection, 
the chicks were killed ^vith illuminating gas and the thyroids carrfully 
dissected out and weighed The adrenals and gonads were also weighe 
at this time. The thyroids were then prepared for histological examina- 
tion in the usual manner. The minimum effective dose, i-e. the minimum 
amount of the substance required to produce a definitely positive his - 
logical response, was determined for each preparation. The histologic 
picture observed microscopically is similar to that in the photograp 
publidied recently by Jorgensen and Wade (11). Each dose leve las 
been assayed on a minimum of eight chicks, and each assay 
accompanied by a group of eight uninjected control birds. ^ ° 

of the latter group served as a control for possible variations me lo ' 
in environmental conditions. Wliite Leghorn chicks have een 
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exclusively, and the birds were always purchased from the same hatchery.* 
Environmental conditions were controlled by the use of constant temper- 
ature brooders. The non-stimulated histological appearance of the thy- 
roids of the control chicks has been quite uniform and has made possible 
consistent assay results. Questionable stimulation has always been put 
in the negative group, and only definite, actual changes in the cells, with 
some resorption of the colloid and ferv resting interstitial cells, have been 
graded as a -t-1 or a minimiun response. 

A few comments are necessary regarding the chick assay, which is based 
on the work of Smelser (12). During the course of several years of in- 
vestigation in this laboratoiy on the thyrotropic hormone, several thousand 
chick thjToids have been weighed and subjected to histological examination. 
At inten'als 1, 2, 3, and 4 day-old chicks have been used for comparative 
assays. Tire 3 day-old chick was finally selected for two reasons: (1) 
a high mortalitj' in the younger injected birds was generally encountered, 
and (2) a resting thyroid in the control non-injected chick was uniformly 
and consistently obtained when the chicks were permitted to adjust them- 
selves to their new environment for a few days after arrival from the hatch- 
ery. 

It may be added that little success attended efforts to use thyroid weight 
increase as a measure of the activity of thyrotropic hormone. Although 
careful dissection of the thyroids has been regularly conducted, it has not 
been possible to obtain a significant correlation between gland weight and 
histological response. It has been a very common experience to obtain 
definite histological alterations in some instances in which there were no 
changes in the weight of the thyroids. In other birds, thyroid weight 
increases were found without histological changes. Therefore, histological 
response alone was considered an accurate indication of thyrotropic 
hormone activity. 

For purposes of convenience in the pi'csentation of the data, the minimum 
amount of a preparation required to produce a definite histological response, 
under the conditions of the assay described above, is termed 1 umt. 

Method of Preparation — In so far as possible the procedure is carried 
out at 3-5° with cold solvents and solutions. All pH measurements were 
made with the Beckman glass electrode. 

1 kilo of frozen whole beef pituitary glands is ground finely in a motor- 
driven meat grinder. 5 liters of 2 per cent sodium chloride solution are 
added to the mash. The mixture is thoroughly agitated by means of 
mechanical stirring and the pH adjusted to 7.4 to 7.8 by the addition of 
about 50 ml. of 2 n NaOH. The extraction is conducted with continuous 
stirring for 3 to 4 hours. The tissue residues are removed b 3 ’^ centrifupng 

1 Kerr Chickeries, French town, New Jersey. 
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and the turbid supernatant acidified to pH 4.0 to 4.1 ivith 2 n HCl. The 
precipitate is then removed immediately by the use of the continuous 
Sharpies supercentrifuge. To the supernatant (pH 4.0 to 4.1) an equal 
volume of acetone is added and the mixture allowed to stand overnight. 
The supernatant solution is siphoned off, clarified by filtration, and to it 
an equal volume of acetone is added. The precipitate which forms is 
allowed to settle out overnight. The supernatant acetone solution is 
siphoned off, and the precipitate is centrifuged and washed ivith a mbcture 
of 3 parts of acetone and 1 part of water by dispersing the precipitate 
thoroughly in the aqueous acetone and centrifuging. The washing is re- 
peated three times. The ivashed precipitate is then dried by triturating 
with acetone and centrifuging. The acetone washing is repeated three 
times. Finally, the precipitate is stirred up with ether, centrifuged, and 
put in a desiccator under a vacuum. After about 15 minutes, the precipi- 
tate is thoroughly broken up with a small spatula and replaced in the desic- 
cator. The vacuum is turned on and released several times, the precipitate 
being broken up finely each time until the product is a fine dry powder. 

. The yield is 5 to 6 gm. (Fraction CA). 

■ An aqueous extract is then made by stirring the dry precipitate suo- 
cessively ndth one 100 ml. portion and three 50 ml. portions of distilled 
water in a centrifuge bottle for 5 to 10 minute periods. Each e.xtraotion 
mixture is centrifuged and the supernatant solutions are filtered and 
combined. The insoluble residue from the last extraction is discarded. 
The clear buff-colored extract obtained in this manner has a pH of approx- 
imately 7. A precipitate appears upon the addition of 1 n NaOH to pH 9. 
This precipitate is centrifuged off and the pH of the supernatant solution 
adjusted to 7.0. A solution of 5 per cent lead acetate (Pb(C 2 H 302 )!) 
is added until precipitation is complete. The amount of lead acetate 
solution required is determined on small measured samples of the vater 
extract. After the addition of lead acetate, the solution is allowed to 
stand in the refrigerator until the precipitate settles out, 'leaving a clear 
supernatant. This takes less than an hour. After removal of the 1 m 
precipitate at the centrifuge, the pH of the supernatant varies from 

to 5.4. , . 

To the lead acetate supernatant, 20 per cent (1.25 m) trichloroace lo 
acid is added slowly and with stirring until a concentration of 8 per cen 
(0.5 m) trichloroacetic acid is obtained. The white precipitate w 
appears is allowed, to flocculate by standing in the refrigerator for o 
and is then removed by centrifugation. , ^ 

The clear and colorless supernatant, obtained after remov o 
trichloroacetic acid-insoluble precipitate, has a pH of about . ■ 
solution is dialyzed in viscose tubing against running cold wa er un 
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trichloroacetic acid has been removed. The dialyzed solution is then 
concentrated by pervaporation to a volmne of 75 to 100 ml. and lyophilized. 
About 400 to 500 mg. of a white solid designated as Fraction SPbT are 
thus obtained from 1 kilo of frozen whole beef pituitaries. 

The material obtained by the procedure described above produces 
histological changes in the thyroids of 3 day-old chicks injected over a 
period of 5 days nuth a total dose of 1 7. It gives the usual protein color 
tests and is very soluble in water. The Molisch reaction is positive. 
Preliminary electrophoretic examination of the product, as well as ultra- 
centrifuge studies, suggests that it contains but one protein component. 
The nitrogen content is 12.6 per cent; sulfur is 1.2 per cent. Tests for 
phosphorus are negative. Sulfosalicylic acid fails to precipitate thethyro- 
tropically active protein; it is precipitated by phosphotungstic and picric 
acids, uranium acetate, and mercuric chloride. The lead used in the 
purification procedure is removed during the dialysis. Tests on the final 
product nith hydrogen sulfide and dithizone indicate the absence of lead. 

The thyrotropic hormone prepared by the method described above has 
been examined for other types of anterior pituitary activity. Growth- 
promoting action was tested in four hypophysectomized rats by injecting 
the substance into each animal in doses of 5 mg. daily for a 7 day period. 
There was no increase in body weight in any of the rats during the in- 
jection period. 

Prolactin activity has been determined by the systemic method of 
Lyons (13), employing 6 week-old white Cameau pigeons. A total dose 
of 5 mg. produced no evidence of prolactin activity. 

Gonadotropic activity has been evaluated throughout this study by 
determining the effect of various preparations on the weights of the testes 
of the same chicks employed in the thyrotropic assays. Although no effort 
has been made to determine variations in gonad weight as a measure of 
gonadotropic activity, certain conclusions are permissible from the many 
hundreds of chick gonads which have been weighed. The most striking 
and consistent observation has been the lack of evidence of definite gonado- 
tropic potency in the beef thyrotropic preparation described above. Dr. 
W. U. Gardner of the Department of Anatomy has kindly examined the 
effect of the thyrotropic preparation on the gonads of the male hypophy- 
sectomized mouse, and reports no evidence of gonadotropic activity. 

DISCUSSION 

It was found that the fractionation procedure of Bonsnes and White 
(10) may be shortened without affecting the yield of the th3Totropic frac- 
tion. This was done by omitting the isoelectric precipitations at pH 5.4 
and 4.8. The thyrotropic fraction (CA) represents less than 10 per cent 
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of the nitrogen originally present in the saline extract of the pituitai^’ glands. 
The distribution of nitrogen in the course of the fractionation procedure 
is indicated in the accompanjdng flow chart. 

1 kilo beef pituitary glands 


2% saline extract at pH 7.4-7.8 (10 gm. X) Residue 

M.e.d.,* 0.10 mg. 

Adjust to pH 4.1 


Ppt. BA (4.5 gm. X) Supernatant 

Acetone to 60% 


Supernatant Ppt. C (2.0 gm. N) 

Acetone to 75% 


Supernatant (2.7 gm. N) Ppt. CA (5-6 gm.; 0.7 gm. K) 

Extract mth water 


Residue Extract (0.53 gm. N) 

Adjust pH to 9.0 


Supernatant Ppt. 

Adjust pH to 7.0 

Add Pb(C.HjOj)s in excess 


Ppt. (0.2 gm. K) Supernatant (0.3 gm. K) 

.4dd 1.25 M trichloroacetic acid 
to 0.5 xi concentration 

I ^ 

1 I - 

Supernatant I’P^- 

Dialyze, concentrate,! lyophilize 
Final product 0.4-0.5 gm. (0.05-0.06 gm. N) 

(thyrotropic hormone) m.e.d., 0.001 mg. 

* Minimum effective dose in chick assay. 

! Solution concentrated in dialysis bag by perx'aporation. 

A constant fraction of tlie nitrogen in Precipitate CA is extracted 
water. In four different experiments water extraction of vanous 
fractions yielded 92.4, 91.6, 92.5, and 89.0 mg. of nitrogen per gm. 
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Fraction CA extracted. The water-extracted residue was inactive when 
assayed for thyrotropic activity. 

Since th 5 'rotropic actmty began to appear in the precipitate at 30 per 
cent acetone from the water extracts of Fraction CA, the question arose 
as to whether significant loss of the hormone had occurred at the step 
just prior to removal of Fraction CA; that is, in the fraction of the saline 
extract insoluble at pH 4.1 in 50 per cent acetone (Fraction C). Accord- 
ingly, the acetone-dried Fraction C was extracted with water, the extracted 
material precipitated by the addition of 3 volumes of acetone to the water 
extract, and the precipitate assayed. The material derived in this way 
from Precipitate C showed activity only at high dose levels in comparison 
with that from Fraction CA. In addition, it could be obtained only in 
small amounts, indicating that little th 5 Totropic activity was lost by the 
removal of Precipitate C in the fractionation of saline extracts. 

Water extracts of Fraction CA, to which 5 per cent lead acetate solution 
has been added, still contain protein nitrogen after removal of the lead 
precipitate. Furthermore, it has been demonstrated that these super- 
natants from the lead precipitation retain the thyrotropic activity of 
Fraction CA, while the protein which can be recovered from the lead 
precipitate by extraction with dilute disodium hydrogen phosphate solution 
is thyrotropically inert. 

Addition of trichloroacetic acid to the lead acetate supernatants pre- 
cipitates about 55 per cent of the nitrogen present. The proportion of 
the nitrogen precipitated seems to be independent of the nitrogen con- 
centration. For example, of 0.45, 0.90, and 1.23 mg. of N per ml. in lead 
acetate supernatants, 45, 45, and 46 per cent remained in solution after the 
addition of trichloroacetic acid to 0.5 m concentration. About half of the 
nitrogen in the trichloroacetic acid supernatant is removed by dialysis. 

The yields of thyrotropic hormone obtained by the procedure here pre- 
sented indicate that a good recovery of the hormone originally present 
in the saline extracts of pituitary tissue is obtained in the trichloroacetic 
acid-soluble fraction. The sahne extract obtained from 1 kilo of frozen 
whole beef pituitaries contains about 62.5 gm. of protein material (N X 
6.25) and represents about 625,000 units of thyrotropic activity. The 
total yield of the thyrotropic protein fractions is about 500 mg. with a 
minimum effective dose of 1 y. The yield of thyrotropic activity is thus 
about 500,000 units. 

Th3rrotropic preparations of equally high potency have been obtained 
from dissected sheep anterior lobes with the above procedure; however, 
these preparations always contain gonadotropic material. Beef glands 
contain relatively little gonadotropic hormone and yield a thyrotropic 
hormone preparation which is free from gonadotropic activity. 
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SUMMARY 

Marked purification of the pituitary thyrotropic hormone has been 
achieved by a relatively simple procedure -which yields good recoveries 
of thyroid-stimulating material from frozen -a'hole beef pituitaries. 1 
7 of the thyrotropic preparations obtained by this procedure produces 
definite histological changes m the thyroids of 3 day-old male -white 
Leghorn chicks. The preparations do not have demonstrable prolactin, 
gonadotropic, or growth hormone activity. 

I wish to express my appreciation to Dr. Abraham White, who suggested 
this problem, for his encouragement and sound guidance, and to Miss 
Hilda Ritter, who carried out the large number of chick assays which 
guided this -work. 
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A METHOD FOR THE DETERMINATION OF COPPER 
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(Received for publication, July 23, 1945) 

The demonstration that copper is transported in the serum (1) makes 
available a means of studying copper metabolism and gives rise to the 
necessity of having a simple and accurate method which can be applied to 
the measurement of a large number of samples. The purpose of this paper 
is to present such a method. 

Sodium diethyldithiocarbamate has been foimd to be a satisfactory and 
sensitive reagent for the determination of copper. Callan and Henderson 
(2) discovered that when this substance was added to a solution of copper a 
golden brown color was produced. McFarlane (3) found that the colored 
copper salt could be rapidly and quantitatively extracted from aqueous 
solution by amyl alcohol and that the color was intensified in the organic 
solvent. The depth of color was reported to be directly proportional to the 
amount of copper present, provided the range of copper concentrations was 
not too great. The color complex is stable for at least 2 hours and the pH of 
the solution has little effect on the color intensity between pH 5.7 and 9.2. 
Iron gives a brown color with the reagent and is the only substance in 
biological ash which is known to interfere significantly. However, when 
sodium pyrophosphate is added, iron pyrophosphate is formed and this 
compound does not react with the carbamate, whereas the reactivity of the 
copper is unaffected (3,4). 

Locke, Main, and Rosbash (5) prepared a protein-free filtrate of serum 
by precipitating the proteins in the cold with trichloroacetic acid and deter- 
mined the copper content of the filtrate with the carbamate reagent. Re- 
coveries of added copper were not reported. Tompsett (6) demonstrated 
that the whole of the serum copper is present in such a filtrate and is present 
in such a form that it can be determined directly with carbamate. Using 
such a procedure, he obtained excellent recoveries and the results compared 
closely with those obtained by ashing. The observations of Yoshikawa, 
Hahn, and Bale are not in agreement (7). Using radioactive copper, they 
foimd that nearly all of the copper in plasma is bound in some manner to 

* The work described in this paper was carried out under a contract, recommended 
by the Committee on Medical Research, between the Office of Scientific Research and 
Development and the University of Utah. 
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protein and that only about two-thirds is split off with trichloroacetic acid 
in the cold. 

McFarlane (3) as ivell as Sachs, Levine, Anderson, and Schmit (4) has 
determined serum copper with the carbamate reagent by dry ashing first. 
However, ashing methods are fraught with many difficulties such as spat- 
tering, contamination from reagents, and volatilization of the copper if the 
temperature is too high. They are inconvenient, time-consuming, and 
require a muffle furnace or a digestion rack. Such methods do not lend 
themselves well to the determination of a large number of specimens. 
Therefore, it was felt that if a reliable method could be devised which 
avoided ashing and was relatively simple it would be well worth while. 

EXPERIMENTAL 

Standard copper solutions with amounts of copper varying from 1 to 10 
r per 10 ml. were treated according to the method of Locke, Main, and 
Roshash (5) with 0.2 ml, of pyridine and 1 ml. of 1 per cent carbamate and 
extracted with 10 ml. of amjd alcohol. The alcoholic extracts were then 
read in the Evelyn photoelectric colorimeter with the C ml. aperture and 
Filter 440. Tlie results are presented in Fig. 1. The extracts were cloudy 
and first had to be filtered, but even with this additional step results were 
not reproducible and a reliable standard curve could not be obtained. This 
can be explained by the fact that in order to read in the macro Evelyn 
colorimeter it was necessary to extract with at least 10 ml. of alcohol and as 
a result the final concentration of copper was not great. McFarlane (3) 
used larger concentrations of copper and smaller volumes of amyl alcohol, 
and measured the color intensity of a Duboscq colorimeter with micro cups. 
Locke, Main, and Rosbash (5) used only 2 ml. of alcohol and made crude 
colorimetric comparisons with a standard held in the sunlight. These 
differences probably account for the variability of the results of the amyl 
alcohol extractions. In any event, it was decided that this procedure was 
not suitable for use in the Evelyn colorimeter under these conditions.^ 

In Fig. 2 the results of reading the color directly in the aqueous solution 
are showm. 1 ml. of a saturated solution of sodium pjTophosphate, 2 ml. o 
redistilled ammonium hydroxide, and 1 ml. of a 0.1 per cent solution o 
sodium diethyldithiocarbamate were added to 10 ml. of varying diluhom 
of a standard copper solution. The volume was then made up to 1 ^ 
with redistilled water and the solutions read in the Evelyn colorimeter m 
the 10 ml. aperture and Filter 440. As can be seen, the results were co^ 
siderably more eonsistent than with the amyl alcohol extraction proce u 
It was therefore decided to read the color directly in the aqueous so u 
and to avoid the additional as well as unnecessary and unreha e s 
extracting with amyl alcohol. 
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To ascertain what portion of the total serum copper is present in a tri- 
chloroacetic acid filtrate 5 ml. samples of serum, to which known amounts 
of copper were added, were pipetted into 15 ml. Pyrex centrifuge tubes and 
3 ml. of redistilled water added. The tubes were then placed in a water 
bath at boiling temperature until the solutions became opaque, were cooled, 
and following the addition of 2 ml. of 20 per cent trichloroacetic acid were 
placed in a water bath at 90-95° for 3 minutes with stirring. The tubes 



Fig. 1. Showing the variability of amyl alcohol extractions of standard copper 
solutions. L refers to photometric density. G is the galvanometer reading. 

were then spun at 2500 r.p.m. for 15 minutes. The supernatant solutions 
were decanted and the copper content determined in the aqueous solution 
RTth carbamate as described above. An average of 74 per cent of the added 
copper was recovered, as can be seen in Table I. Following resuspension 
of the original precipitate and a second extraction, it was possible to recover 
a total of 89 per cent. Three extractions yielded an average recovery of 97 
per cent. 
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galvanometer reading. 


Tabw: I 

Showing Average Recovery of Copper following One, Two, and Three Ex 
Trichloroacetic Acid Precipitate 


Experiment No, 


I 

II 

III 


No. of trichloroacetic 
acid extractions 


No. of determinations 


4 

JO 

24 


Average recovery 
fer cent 

74 
89 
97 


Proposed Method 


1. Copper-freewater. Redistil water in an aU-gfass 


1. tjoppet-llce wa-bci. . J 4. 

2. Trichloroacetic acid, 20 per cent in redistille ^ , copper, 

acetic acid is first distilled in an all-glass in redistilled 

3. Sodium pyrophosphate. Make up a saturated solution 

water. 
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The value of l/K as established on our instrument is 67.6. 

Twelve representative recoveries with the method outlined above are pre- 
sented in Table II. The method not only gives excellent recovery of added 
material but offers results which are consistently reproducible mthin ±10 
per cent. 


Table II 


Results o/ Recovery of Copper folloioing Addition of Knovm Amounts to Serum 


Experiment No. 

Serum 

Added 

Total 

Found 

Recovery 


yper cent 

y per cent 




1 

88 

43 




2 

88 

43 




3 

88 

43 




A 

88 

43 


122 


5 

88 

85 


163 

04 

6 

88 

85 

! !^B 

165 

95 

7 

88 

85 

173 

165 

95 

8 

88 

85 

173 

169 

98 

9 

102 

142 

244 

246 


10 

102 

142 

244 

246 


11 

103 

47 

150 

149 

99 

12 

103 

47 

150 

149 

99 


97 


Table III 

Range of Serum Copper Values as Obtained by Various Authors 

AuUior 

Method 

Stmm MPJ*' 

Locke et al 

Trichloroacetic acid 

11 « 

Dry ashing 

Catalytic 

Dry ashing 

Trichloroacetic acid 

f pir ««l 
72-95 
183-245 
i 56- 75 

82 

82-132 

92-159 

Tompsett 

Guillemet and Schell 

Warburg and Krebs 

Sachs et al 

Present method 


There is a small error incurred by the use of the Eveljm colorimeter 
colored solutions of low intensity. Attempts were made to e 
error by concentrating the filtrates, by uang smaller volumes o 
and by combining reagents. None of these methods 
However, the excellent recoveries and reproducibility of resu 
with the method outlined justify this error. 

In Table III the range of serum copper for normal adults 
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various authors is summarized. Locke, Main, and Rosbash (5) do not 
mention filtering the cloudy amyl alcohol and used a crude comparator. 
They made twenty-eight determinations on “normal” adults but included 
only seventeen of the determinations in the average. The determinations 
were made following one trichloroacetic acid precipitation. The values 
reported by Tompsett (G) on eight individuals are extremely high. The 
cause for this is not apparent. His values for total blood copper are also 
out of line mth those obtained by others (4). Guillemet and Schell (8) 
obtained low values for serum copper. Tompsett (6) states that the num- 
ber of precipitations used in their method probably accounts for the low 
values obtained. Warburg and Krebs (9), using a method based on the 



Fig. 3. The copper content of the serum of twenty -five normal males and twenty- 
five normal females. 

fact that copper catalyzes the oxidation of cysteine to cystine, reported 
0.082 mg. per 100 ml. as their average for ten normal adults. Sachs, Le- 
vine, Anderson, and Schmit (4) determined the copper content of the serum 
of ten adult males, using a diy ashing procedure followed by carbamate, 
and reported an average of 0.105 mg. of copper per 100 ml. of serum. 

We have determined the copper content of the serum of twenty-five 
healthy adult males and twenty-five healthy adult females. The results 
are presented in Fig. 3. The average value for males was 116 7 per cent. 
The lowest value obtained was 92 7 per cent, and the highest 134 7 per 
cent. These values correspond well with those obtained by Sachs cl al. (82 
to 132 7 per cent) (4). For the females the average was somewhat higher, 
131 7 per cent. The values ranged from 103 to 159 7 P^r cent. 
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SUMMARY 

1. Evidence has been presented that approximately 75 per cent of the 
copper contained in serum is present in the filtrates prepared by precipita- 
tion of the serum ivith trichloroacetic acid. Three warm extractions of the 
trichloroacetic acid precipitate have been shown to remove approximately 
97 per cent of the copper. 

2. A method for the determination of copper in the serum or plasma has 
been presented which is based on a triple warm extraction of a trichloro- 
acetic acid precipitate followed by the colorimetric determination of copper 
with sodium diethyldithiocarbamate. The colored solutions were read in 
the Evelyn photoelectric colorimeter. 

3. Values of serum copper for twenty-five normal males and twenty-five 
normal females are presented. 
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GROWTH AND LIPOTROPISM 


I. THE DIETARY REQUIREMENTS OF METHIONINE, CYSTINE, 

. AND CHOLINE 

Bt C. R. TREADWELL* 

(From the Deparlmcnl of Biochemislry, Southwestern Medical College, Dallas) 
(Received for publication, August 11, 1945) 

Since the reviews by McHeniy and Patterson (1) and Best and Lucas 
(2) on the relationships of lipotropic substances to fat metabolism, several 
publications have appeared which indicate progress in clarifsnng the 
somewhat conflicting views regarding the influence of amino acids and 
proteins on the fat content of the liver. Beveridge and coworkers (3) 
have shown that certain essential amino acids have a marked effect on the 
lipotropic eflScacy of methionine. They also found no sigmficant difference 
in the lipotropic effect exerted by methionine when fed as the amino acid 
or in casein, provided the essential amino acids were approximately equal- 
ized in the two diets. The data of Beveridge and coworkers give strong 
support to the explanation proposed by Treadwell, Groothuis, and Eckstein 
(4) for the greater lipotropic activity of free methionine in comparison with 
protein-contained methionine. It was suggested that larger amounts of 
methionine were used for the synthesis of tissue protein in the casein-fed 
groups, thus producing a decrease in the amount available for lipotropic 
activity with a resultant higher level of liver fat. The basal diet (4) con- 
tained 5 per cent casein, which is insufficient to support normal growth in 
yoxmg rats irrespective of the level of supplementary methionine. Homing 
and Eckstein (5) found that with adult male rats (250 gm.) a diet containing 
5 per cent casein was, as far as lipotropism is concerned, as effective when 
supplemented with methionine and cystine as when supplemented with 
sufficient amounts of cystine and casein to equalize the content of the 
sulfur-containing amino acids in the two diets. The level of liver fat was 
low in all the groups receiving supplements, in marked contrast to resiflts 
with young animals (4) in which the liver fat was low only in those receiving 
amino acid supplements. In these animals, as the authors (5) point out, 
the protein and methionine requirements for growth were low, so that a 
considerable part of the methionine in the supplements was available for 
lipotropic action. Treadwell, Tidwell, and Gast (6) have extended observa- 
tions on young rats (130 gm.) to include the effect of diets so designed that 
the protein and methionine levels could be varied independently of each 

‘Present address, Department of Biochemistry, School of Medicine, George 
Washington University, Washington, D. C. 
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other. The data indicated a preferential utilization of methionine for 
growth when there were adequate amounts of the other essential amino 
acids in the diet. However, additional methionine over that used for 
growth produced a definite decrease in liver fat. Thus, the recent data 
from three laboratories support the explanation given by Treadwell el al. 
(4) for the difference obser\'ed in the lipotropic activity of free and protein- 
contained methionine. 

Handler (7) has concluded that the fatty livers due to deficiency of choline 
develop only when all other dietary factors are present in sufficient concen- 
tration to permit at least slow growth. The data upon which this 
conclusion was based were obtained with diets which contained sufficient 
protein so that when growth was decreased owing to a deficiency of some 
essential factor sufficient methionine became available from the dietary 
protein to exert a definite lipotropic effect. Thus, in the experiments (7) 
on the effects of simultaneous mineral and choline deficiencies on liver fat, 
when the animals’ mineral supply was exhausted there were a decline in 
weight and a lowering of the liver fat toward normal. We suggest that 
the liver fat decreased because the methionine (455 mg. per cent) in the 
dietary casein (15 per cent) was not entirely used for growth while the 
animals were declining in weight and therefore a part was available for 
lipotropic action. 

The findings discussed above suggested a possible division of the total 
methionine requirement into two components; namely, the methionine 
required for growth and that required for lipotropism. It seemed likdy 
that the magnitude of these two components would be influenced by t e 
amounts of other substances present in the diets, such as amino acids, fa 
vitamins, minerals, choline, and related substances. Also the stage of 
life cycle in w'hich the requirement is determined is important as is indica 
by the work of Homing and Eckstein (5) . We have obtained data concern 
ing certain of these points which will be published later. In the s u > 
presented below we have investigated the growth and lipotropic 
ments for methionine, cystine, and choline in rats receiving diets w c 
contained adequate protein, minerals, and vitamins for 
during the experimental period. The basal choline-free diet supp i 
mg. of methionine and 100 mg. of cystine per 100 gm. of diet, w 
the amounts found by Womack and Rose (8) to be necessary for op 
growth. 

EXPERIMENTAL 

White male rats weighing approximately 170 gm. (range p{ 

of the Sprague-Daw’ley strain were used. The care and diet 

the animals were the same as described previously (9). ® 
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(No. 26, Tables I to III) consisted of 15.4 per cent casein, 3.2 per cent 
arachin, 5 per cent salt mbcture (10), 2 per eent Cellu flour, 34.4 per cent 
glucose,* and 40 per cent lard. The casein was a conunercial vitamin-free 
product. The arachin was prepared from peanut flour' by the method of 
Johns and Jones (11). The proteins were heated at 98° until the moisture 
content was less than 1 per cent before incorporation into the diets. The 
mixture of casein and arachin in the basal diet was calculated to provide 
500 mg. of methionine and 100 mg. of cystine. The methionine value was 
confirmed by analysis according to the directions of Albanese ei al. (12). 
The various dietary constituents supplied a total of not more than 1 mg. of 
choline per 100 gm. of diet. Wlien supplementary methionine, cystine, or 
choline was ineorporated in the basal diet as indicated in Tables I to III, 
an equivalent amount of glucose was omitted. All rats received orally 0.1 
cc. of U. S. P. XI cod liver oil and 0.1 cc. of a solution containing 25 y 
of thiamine, 20 y of riboflavin, 100 y of calcium pantothenate, 100 y of 
nicotinic acid, and 20 y of pyridoxine per day. The experimental period 
was 21 days. The food intake was determined daily and weight changes 
were recorded three times rveekly. The livers were removed from the 
animals under sodium amytal anesthesia and anatyzed for total lipids (13). 
Apparent differences were analyzed for significance by the i method of 
Fisher (14) and only those showing a P value of less than 0.01 were con- 
sidered significant. 

Results 

Table I shows the pertinent data obtained when Diet 26 was supple- 
mented adth increasing quantities of methionine. It is evident that 500 
mg. of methionine and 100 mg. of cystine per 100 gm. of the basal diet were 
insufficient to support optimum growth. Increasing the methionine to 600 
mg. produced a highly significant increase in the growth rate. There was 
no additional stimulation of growth by the higher levels of Diets 28, 33, 
and 36. Under the present experimental conditions and in rats of this 
strain and age, approMmately 40 per cent change in weight appears to be 
optimum. That optimum growth was obtained with 600 mg. of methionine 
rather than 500 mg., as found by Womack and Rose (8), is not neces^rily 
in disagreement with their findings. In the present study the animals 
were older and the diets contained 40 per cent fat, whereas the diets used 
in their study contained 30 per cent. Moreover, it has been shown by 
duVigneaud and cowoikers (15) that the vitamin B complex supplement used 
by Womack and Rose contained an appreciable quantity of choline, while 
our diets W'ere choline-free. 

* Generously supplied by the Corn Products Refining Company, New YoA. 

* Proflo brand, kindly furnished by the Traders Oil Mill Company, or or 
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Increaang the methionine from 500 to 600 mg. produced a slight but 
significant decrease in the liver lipids. The animals on Diet 27 ingested 
an average of 10.3 mg. of methionine per day more than those receiving 
Diet 26. This amount of methionine exhibited an effect on the growth 
rate and on the level of liver fat. The possibility of further differentiation 
between the growth and lipotropic requirements by using small increments 
of methionine between 500 and 600 mg. per 100 gm. of diet has not been 
investigated. Additional amounts of methionine produced further de- 
creases until with Diet 36, which contained 1200 mg., the level of liver fat 
was essentially normal. The data indicate that in the absence of eholine 
the total methionine requirement is approximately 1200 mg. per 100 gm. 
of diet and that the requirement for lipotropism is about 600 mg. In our 


Table I 

Methionine Requirements for Growth and Lipotropism in Rats Receiving Choline-Free 

Diets 

The animals received the diets for 21 days. The average initial weights for the 
dietary groups ranged from 169 to 172 gm. 



Giin in weight 


Moist tissue 1 Body weight 


«g. #er 100 
gm. diet 


gm, per cent gm. 

9.1 ±0.3 23.8 ± 2.3 24.7 ± 0.9 1.45 ±0.10 

9.3 ±0.3 37.0 ± 2.5 20.5 ± 1.0 0.9T ± O.OS 

9.4 ±0.3 38.3 ±1.5 18.8 ± 1.5 0.89 ±0.10 

10.0 ±0.3 43.3 ±2.0 14.9 ± 1.8 0.59 ± O.OS 

10.3 ±0.1 41.8 ±1.7 8.9 ± 0.3 0.32 ±0.05 


* Including the standard error of the mean, calculated as follows; \/2dyn “ 

\/n. 


previous work (4) with low protein diets the amount of fat in the liver was 
normal or only slightly increased when the diets contained approximate y 
600 mg. of methionine. Thus, in accord with the discussion in the intr^ 
ductory part, if the requirement for lipotropism is differentiated from t e 
growth requirement, the amount of methionine used in lipotropic activi y 
appears to be independent of the protein content of the diet. ... 

The effect of adding various amounts of cystine to the basal diet is s oi 

in Table II. There was no significant effect on the growth rate, n 

present experiment it is impossible to evaluate the effect of the 10 
cystine in the basal diet. However, the results are in agreement wi 
findings of Womack and Rose (8) that amounts greater than 100 
no effect on the growth rate. There was no change in the liver hpi “ 












C. R. TREADWELL 


605 


the cystine content was 600 mg. per 100 gm. of diet. At this level there was 
a distinct lipotropic effect. We have no explanation for the absence of 
any antilipotropic effect of the cj'stine in these diets. In this regard it may 
be significant tliat the antilipotropic action has usually been demonstrated 
vith low protein-low methionine diets. We are not aware of any previous 
study in which cystine was shown to have a lipotropic effect. Experiments 
are being carried out to confirm and extend this observation. 

Table II 

Cystine Requirements for Growth and Lipotropism in Rats Receiving Choline-Free 

Diets 


The animals received the diets for 21 days. The average initial weights for the 
dietary groups ranged from 170 to 173 gm. 


Diet 

No. 

Methionine 

Cystine 

No. of 
rats 

Food intake 
per day 

Gain in weight 

Liver lipids per 100 gm. 

Mobt tissue 

Body weight 

26 

29 

30 

37 

38 

mt.pcr 100 
r«. diet 

500 

500 

500 

500 

500 

mg. per 100 
gm. diet 

100 

200 

300 

400 

600 

15 

8 

8 

8 

7 

tm. 

9.1 ± 0.3 
8.8 ±0.2 
8.8 ±0.1 
9.9 ±0.4 
10.2 ±0.3 

per cent 

23.8 ± 2.3 

26.4 ± 2.9 
29.3 ± 3.0 
30.6 ±4.7 

26.5 ±2.3 

tm. 

24.7 ± 0.9 
24.3 ± 0.8 
26.1 ±0.6 
21.9 ± 1.8 
16.1 ± 1.0 

tm. 

1.45 ± 0.10 
1.47 ± 0.09 
1.71 ±0.08 
1.30 ±0.11 
0.99 ± 0.08 


Table III 


Choline Requirements for Growth and Lipotropism 
The animals received the diets for 21 days. The average initial weights for the 
dietary groups ranged from 170 to 173 gm. 


DictI 

No. 

1 

Methio- 

nine 

1 

Cystine ' 

Choline 

No. of 

Food intake 

Gain in weight 

Liver lipids per 100 gm. 

rats 

1 

per day 

Moist tissue 1 

1 

Body weight 


mg. per 
100 gm. 
diet 

mg. per \ 
100 gm. 
diet 

mg. per 
100 gm. 
diet 



per cent 


gm. 

26 

500 

100 

0 

15 


23.8 ± 2.3 

24.7 ± 0.9 

1.45 ±0.10 

34 

500 

100 

100 

8 

8.6 ± 0.2 

20.2 ± 1.8 

7.0 ± 0.8 

0.27 ± 0.06 

35 

500 

100 

200 

14 

9.8 ±0.3 

27.2 ± 1.8 

6.6 ±0.3 

0.23 ±0.01 


The data obtained when the basal diet was supplemented with choline 
are smnmarized in Table III. The growth rate was not influenced by the 
choline. It is interesting that while it has been reported that choline has 
a growth-stimulating effect (16, 17) none was found in this study. It would 
appear that conditions were favorable to show such an action of choline, 
inasmuch as the basal diet was choline-free and growth was less than 
optimum. In another study we have not observed a growth-promoting 
• Tidwell, H. C., and Treadwell, C. R., unpublished data. 
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effect of choline. Apparently only under special conditions can this action 
be demonstrated. The supplementary choline exhibited its usual effect 
on the level of the liver lipids. 100 mg. per 100 gm. of diet lowered the level 
to normal. The average daily intake per rat was 8.G mg. and the data do 
not exclude the possibility that still smaller amounts would give a maximum 
effect. This is the same order of activity as that found by Channon et al. 
( 18 ). 

The results of the present study suggest that the methionine requirement 
of the white rat is not a unitary one but is composed of two components. 
When the diet contains optimum quantities of the other essential 
food factors, a certain amount of methionine is needed for maximum utiliza- 
tion of the food in growth and maintenance; this amount is termed the 
growth requirement. Concurrent with optimum growth there may occur 
an abnormal acciunulation of fat in the liver due to an inadequate intake of 
lipotropic factors. Tlic organism’s need for lipotropic factors may be met 
by choline, methionine, betaine, and oilier substances capable of donating 
methyl groups. If sufficient choline or related substances are present in the 
diet, no methionine vdll be required for lipotropism. However, if the diet is 
free of other lipotropic factors, then the methionine needed for lipotropic 
action becomes an important part of the total methionine requirement. 

SUMRURY 

Under the conditions obtaining in this study, the total methionine re- 
quirement of rats receiving a chohne-free diet was approximately 1200 
mg. per 100 gm. of diet. This total xvas differentiated into a growth re- 
quirement of COO mg. and a lipotropic requirement of 600 mg. 

Amounts of cystine greater than 100 mg. per 100 gm. of diet did not 
exhibit any effect on the growth rate or any antilipotropic activity. 600 
mg. of cystine excited a slight lipotropic effect. 

"When the basal diet was supplemented with 100 or 200 mg. of 
per 100 gm. of diet, there was no increase in the growth rate. The 100 
mg. level gave a maximum loxveiing of liver fat. 

Grateful acknowledgment is made to Dr. H. C. Tidwell for helpful 
criticism and advice during the course of this investigation. 
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THE DETERMINATION OF ASCORBIC ACID IN SMALL 
AMOUNTS OF BLOOD SERUM 

By OLIVER H. LOWRY, JEANNE A. LOPEZ, and OTTO A. BESSEY 

(From the Division of Nutrition and Physioiogy, The Public Health Research Institute 
of The City of New York, Inc., New York) 

(Received for publication, July 19, 1945) 

The measurement of the ascorbic acid level in serum has attained con- 
siderable importance as an index of ascorbic acid nutrition. Existing 
ascorbic acid methods require at least 0.1 ml. of blood serum or 0.2 ml. of 
blood (1, 2), an amount which can just be obtained from the finger. If, 
as is usually the case in making nutritional surveys, it is desired to measure 
a number of other blood constituents, resort must be had to venipuncture 
to obtain sufficient blood. 

The advantage of avoiding venipunctiu'e in dealing with large groups, 
especially when children are concerned, has led to an exploration of the 
possibility of determining ascorbic acid onlnuch less than 0.1 ml. of serum. 

Three different reagents have been used successfully for measuring as- 
corbic dcid in blood serum; dichlorophenol indophenol fMindlin and Butler 
(1)), methylene blue (Butler, Cushman, and MacLachlan (2)), and dini- 
trophenylhydrazine (Roe and Kuether (3)). The first two reagents meas- 
ure ascorbic acid directly, whereas dinitrophenylhydrazine measxures 
ascorbic acid only after oxidation to dehydroascorbic acid. All three re- 
agents have been investigated for their adaptability to small scale analyses. 

Of the three, the methylene blue reagent is by far the most sensitive, but 
its use requires an irradiation step which is somewhat awkward in dealing 
with small volumes. With dichlorophenol indophenol it was found possible 
to measure the ascorbic acid in 0.01 ml. of serum, but it proved (fifficult 
when handling large numbers of determinations to avoid some prior loss 
of ascorbic acid through oxidation. Therefore, the choice fell upon dim- 
trophenylhydrazine. Obviously, with this reagent prior oxidation o 
ascorbic acid to ^dehydroascorbic acid, if it should occur, would do no 
harm, since in any event all of the ascorbic acid must finally be converte 
to dehydroascorbic acid before measurement. It has been ^ ^ 

( 'dehydroascorbic acid (or a derivative which reacts with dinitropheny - 
hydrazine (4)) is remarkably stable in serum after trichloroacetic acid 
addition, whether or not the extract is separated from the protein prewpi 
tate. This has proved of great advantage in carrying out large num era 
of analyses under conditions of a nutritional survey. _ 

It has proved quite simple to adapt the Roe and Kuether ^ enj 

hydrazine method to the measurement of the ascorbic acid m . . o 
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serum. With the resulting procedure, one person can analyze 50 sera per 
da 3 '. In adapting the procedure to a small scale, it was necessary to make 
certain simplifications which should prove helpful in large scale work as' 
well. 


Method 

Reagents and Equipment — 

1. 2 per cent dinitrophenylh 5 'drazme, 0.25 per cent thiourea, in 9 n 
H:SO i; centrifuge or filter through sintered glass if a precipitate develops. 
Add the thiourea only to sufficient reagent for 1 month’s use, store in the 
ice box, and discard the remainder of this portion after 1 month. 

2. 65 percent HsSOi prepared bj”- adding 70 ml. of concentrated to 
30 ml. of HjO. 

3. 1 per cent suspension of norit in 5 per cent trichloroacetic acid. The 
norit is washed ivith acid and dried according to Roe and Kuether (3), 
and 5 gm. are suspended in 100 ml. of 5 per cent tricliloroacetic acid. After 
settling, the supernatant is decanted and the volume restored with 5 per 
cent trichloroacetic acid. This' is repeated several times to eliminate some 
of the excessiveiy fine, Boating charcoal. Once a week or so the super- 
natant acid from a small portion is replaced with fresh acid to eh’minate 
the possibility of contamination with heavy metals which, according to 
Roe and Kuether, maj’- slowiy leach out of the norit.’ 

•1. Levy-hang constriction micro pipettes (hand type), 10, 30, and 50 
c.mm. (5). In addition, for pipetting the charcoal suspension, a 40 c.mm. 
pipette with tip and constriction 2 or 3 times vrider than normal to avoid 
plugging with charcoal. 

5. A Beckman spectrophotometer fitted with a special diaphragm and 
cuv’ettes to permit the use of 0.05 ml. fluid volumes- (obtainable from the 
Pyrocell jNIanufacturing Company, 207 East 84th Street, New York 28). 

0. 6 X 50 mm. serological tubes, c.g. Kimble, No. 450G0. 

Procedure — To the bottom of a G X 50 mm. tube are transferred 10 c.mm. 
of serum’ and 40 c.mm. of the acid-charcoal suspension (Reagent 3), and 
the contents mixed by tapping the tube vrith the finger. (The charcoa 
suspension in a small vessel is stirred immediately before each pipettmg 
by blowing through the pipette, and the pipette must be filled and eraphe 
rapidlj' to avoid plugging due to settling of the charcoal.) The 
capped with a piece of parafilm or a rubber stopper and centrifuge 

> If charcoal gets into the final sample, low values may result. If ^ 

encountered from floating charcoal, 1 v'olume of 2 per cent gelatin may be a e 
10 volumes of the acid-charcoal suspensiqn just before use. 

* Lowry, O. n., and Bessey, O. A., in preparation. p from 

s A convenient method of collecting small amounts of blood for this purpo.s 
the finger has been described (G). 
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minutes at 3000 b.p.m. A 30 c.mm. aliquot of the supernatant is trans- 
ferred to another 6 X 50 mm. tube, and 10 c.mm. of the thiourea-dinitro- 
phenylhj’drazine reagent (Reagent 1) are added wth tapping. The tube 
is capped as before and incubated for 3 hours at 38°. The tube is now 
chilled in ice water and 50 c.mm. of ice-cold 65 per cent H2SO4 are added, 
very thoroughly mixed, and read after 30 minutes at room temperature in 
the spectrophotometer at a wave-length of 520 m^. The sample is trans- 
ferred to the spectrophotometer with a short Pasteur pipette. Standards 
and blanks are provided by adding 4 ml. of the acid-charcoal suspension to 
1 ml. aliquots of fresh 1 mg. per cent ascorbic acid solution and water, 
respectively. After centrifuging, 30 c.mm. ahquots are treated in the 
same manner as the unknowms. Care is taken to avoid floating charcoal, 
' which is more troublesome in the absence of serum. After correction for 
the blank, the color produced is directly proportional to the concentration 
of ascorbic acid and, therefore, only the 1 mg. per cent standard is require 
for routine purposes. In practice, a long series of samples is placed in order 
in a metal rack and carried through the analysis together. 

Once acid has been added to the serum, it may be safely stored severa 
days in the ice box or for several weeks at —20°. If the supernatant aci 
extract is separated, it may be stored without loss of the ascorbic ^ ® 
derivatives for at least several. weeks in the ice box, and presumab y in- 
definitely at - 20° (see below) . The chief consideration is to prevent evap- 
oration of the small samples. Rubber stoppers have proved most effective. 
The cut off smaller ends of No. A vial stoppers have been 
convenient for the 6 X 50 mm. tubes. Parafilm is not reliable for the 
prevention of evaporation from these tubes for more than a s or ime. 


Adaplalion to 25 C.mm. of Serum 

Apparatus — . ,, 

1. Constriction pipettes, 25, 75, and 125 c.mm. ; also a 1 c.mm. pipe 

with wider constrictions for pipetting the charcoal suspension. 

2. Either the Beckman spectrophotometer or the Coleman Jumor 

spectrophotometer (model 6) with cells and adapter for ■ ' ' 

(The adapter is obtainable from Samuel Ash, 3044 Thir venue, 

York 56.) 

3. Reagents and tubes as described above. ,,„inmp<! 

The procedure is identical to that described above excep - w ^ „„ 

are increased proportionately. To 25 c.mm. of serum m a ppntri- 

tube are added 100 c.mm. of the acid-charcoal suspension. 

fusing, a 75 c.mm. aliquot is transferred to another 6 X 50 

25 c.mm. of the diphenylhydrazine reagent (No. 3) are added. After 

incubation 125 c.mm. of 70 per cent sulfuric acid are added. 

Adaptation to still larger serum volumes may e e ec 
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multiplication of all volumes, with a not inconsiderable increase in conven- 
ience as compared to the ori^al Roe and Kuether procedure. 

DISCUSSION 

Aside from requiring smaller quantities throughout, the deviations from 
the Roe and Kuether procedure consist of (a) a reduction in the relative 
quantity of charcoal employed; (6) the addition of the charcoal as a sus- 
pension in trichloroacetic acid instead of as a drj"^ powder; (c) the removal 
of protein and charcoal in one step by centrifuging instead of first centri- 
fuging the protein, then adding charcoal and filtering; (d) combination of 
the thiourea and dinitrophenylhydrazine reagents; and (e) reduction in the 
strength of the strong sulfuric acid employed. 

These changes reduce the number of operations and add greatly to the 
convenience of the procedure on a small scale. Filtration is scarcely prac- 
ticable with volumes of the order of 0.05 ml. Although the bulk of the 
charcoal is easily centrifuged, there is a tendency for some of it to float. 
This tendency was decreased (so that upon the addition of serum the 
floating was entirely eliminated) by suspending the charcoal and decanting 
the floating fraction, and by using less charcoal, since a spiaifer amount 
could be shown to suffice for complete conversion of ascorbic acid to dehy- 
droascorbic acid. Removal of protein and ascorbic acid in one step not 
only reduced the number of manipulations required, but also tended to 
carry down the charcoal more completelj'. It was found that identical 
results were obtained whether the charcoal was added to the serum before 
the trichloroacetic acid, after the trichloroacetic acid, or separately to the 
deproteinized serum supernatant. By reducing the strength of the sulfunc 
acid to be added after incubation from 85 to 65 per cent and chilling tins 
sulfuric acid, the heat produced on mixing was so decreased that the acid 
could be added all at once, whereas by the original procedure it was neces- 
sary to add the sulfuric acid slowly over the course of a minute to prevent 
charring. A slow addition of this type would be awkward with the small 
volumes employed here. To compensate for this decrease in acid concen- 
tration, proportionately more was used. 

Certain analytical considerations which were thought to be of ® 
significance have been checked and shown to be without influence on e 
results. These are (a) the age of the trichloroacetic acid; (6) the size an 
quality of the glass tubes, whether soft glass or Pyrex; (c) the separa e 
addition of the trichloroacetic acid and charcoal in water 
any order as compared to addition of the two together; (d) the age o e 
trichloroacetic-charcoal reagent; and (e) variation in charcoal concen ra i 
from 0.2 to 4 per cent (but with less charcoal there is less tendency or 
charcoal to float). 
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On the other hand, a significant increase in thiourea decreases color 
development, whereas omission of thiourea increases ‘the blank reading. 
Decreasing the final acid strength below that recommended decreases the 
amount of color development. 

Comparative Serum Analysis — ^In Table I are recorded the results of a 
comparison between the proposed method in which 0.01 ml. of serum is 
used and the Mindlin and Butler dichlorophenol indophenol method with 
1 ml. of serum. The Roe and Kuether micromethod was applied both 
to individual serum samples obtained from finger blood eentrifuged in 
capillary tubes (6) and to aliquots of a large serum sample obtained by 
vein. The correlation appears to be quite satisfactory between the two 


Table I 

Comparative Ascorbic Acid Analyses of Blood Serum 


The values are given in mg. per cent. 


Subject No. 

Dichlorophenol 

Indophenol 

(macro) 

Roe and 
Kuether, vein 
(micro) 

Roe and 
Kuether, finger 
(micro) 

Bromine,* vein 
(micro) 

Bromine minus 
Roe and 
Kuether, vein 

1 

■H 

■nHjn 

1.84 

1.97 

+0.05 

2 



1.34 

1.62 

+0.18 

8 


1.33 

1.36 



4 

1.01 

0.93 

1.03 

1.18 

+0.25 

5 

1.14 

1.11 

1.23 

1.24 

+0.13 

6 

0.24 

0.13 

0.20 



7 

1.10 

1.05 

1.12 

1.12 


8 

• 0.32 

0.27 

0.28 

0.28 

+0.01 

g 

1.64 

1.63 

1.65 

1.65 

+0.02 

10 

1.26 

1.21 

1.28 

1.28 

+0.07 


+0.12 


* 1 c.mm. of 2.6 per cent bromine in water. 


methods and also between the small finger blood samples and the large 
Venous samples. The values recorded for the small samples are the average 
of triplicate determinations. 

An attempt was made to substitute bromine for charcoal (as the oxidant 
for ascorbic acid). 1 c.mm. of 2.5 per cent bromine water was added to 
each tube in place of the charcoal. The procedure worked smoothly with 
pure ascorbic acid samples, but as is seen in the last column of Table I, 
there was with serum a tendency for bromine to produce slightly big er 
results than the other procedures. Evidently charcoal, in addition to 
oxidizing the ascorbic acid, removes some interfering material. Nevert e- 
less, it may be that for some purposes the bromine procedure wo e 
advantageous, since the use of the somewhat troublesome charcoal reagen 
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would be avoided. In this case, the thiourea must be added as a separate 
solution before the rest of the reagent. 

Proportionality and Rcproducihilily — The color development was found 
to be satisfactorily proportional on the micro scale. For example, with 
standard solutions equivalent to 0.2, 0.4, 0.8, 1.6, and 3.2 mg. per cent of 
serum, obseiwed density readings were 0.013, 0.034, 0.069, 0.133, and 0.276, 
w'hereas the readings, if proportional, should have been 0.017, 0.034, 0.069, 
0.138, and 0.276. Replicate determinations agree satisfactorily. For 
a series of forty-six sera ranging from 0.3 to 1.4 mg. per cent, analyzed in 
duplicate, the standard deviation of the individual determination was 
0.03 mg. per cent. 


Table II 

Effect of Storage on Ascorbic Acid Values of Blood Serum (Ascorbic Acid Plus 

Dchydroascorbic Acid) 

Per cent ascorbic acid remamlns 


Serum 

(hemo- 

lyzed)* 

Serum 


38* 

38* 

4 

0 

1 -20* 


-20* 

Ihr. 

1 hr. 

4 hrs. 

6 days 

13 days i 

6 days 

13 days 

13 days 

13 days 

62 

95 

55 

41 

6 

90 

57 

96 

95 


Serum + acid + norit 


Acid extract 


25* 1 

4* 

1 -20’ 1 

25’ 

1 

-20" 

2 days 

8 days 

2 days 

2 days 

8 days 

6 days 

6 days 

13 days 

6 days 

13 days 

101 

145 

104 

105 

102 

95t 

lost 

100 

loot 

100 


* Serum with 2 per cent hemolyzed blood added. ^ , 

t Stored with 3 per cent metaphosphoric acid . All the rest stored with 4.5 per ce 
trichloroacetic acid. 


Stability — The advantage of the dehydroascorbic acid method rom 
the standpoint of stability is shown by the results of storage t^sts at 
temperatures on serum, seivim with added tricliloroacetic acid (Ta e ^ 
serum with added norit and trichloroacetic acid, and extracts o 
made with norit and trichloroacetic acid or metaphosphoric a cid, 
was stored iiTrapillary tubes. FoiTEe~other”sampIesrRJc.mm. fic 
aliquots in 6 X 50 mm. tubes were precipitated irith 30 c.mm. o 
or without added norit and were either stored in these tu 
separating the supernatant or the supernatant was trans erre ^ o _ 

6 X 50 mm. tubes for storage. The samples were analyzed at vanou 
up to 13 days. It is evident that no loss was detectable even at 
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temperature with the acidified samples, and even the serum stored at 4° 
contained considerable amounts of ascorbic acid (presumably as dehydro- 
ascorbic acid) after 6 daj’S. Under these conditions only the frozen samples 
would have contained detectable amounts of reduced ascorbic acid after 
2 days; i.c., all but possibly the frozen samples would have given zero 
values with dichlorophenol indophenol. However, in spite of this con- 
siderable stabiUty, some care must be taken in hot weather to keep blood 
or serum samples cool until they are acidified, since at 38° there is detectable 
loss in 1 hour and serious loss in 4 hours (Table II). It is further indicated 
that hemolysis tends to accelerate the process of destruction; hence special 
care should be taken to keep hemolyzed specimens cool. 

It mil be noted that for samples stored with norit at room temperature 
the absorption values increased; evidently the charcoal caused the forma- 
tion of something which reacts with the Roe and Kuether reagent. The 
tendency for the charcoal to float is somewhat increased by freezing and the 
subsequent necessaiy stirring. This makes it advisable, when samples 
are to be stored in the frozen state, to separate the supernatant before 
freezing. 

The advantage of being able to store acidified samples until a large 
number have been collected is obvious. Because of this and the other 
advantages ascribed to it, the proposed method appears to satisfy the re- 
quirements of a micromethod for purposes of nutritional surveys. 


SUMMARY 

The dinitrophenylhydrazine method of Roe and Kuether has been 
adapted to the determination of ascorbic acid in 0.01 ml. of serum. ^ The 
values obtained are in agreement with those obtained by the macro indo- 
phenol method of Mindlin and Butler. 

Necessary changes in procedure for adaptation to microanalyses appear 
to represent simplifications applicable to macroanalyses as well. 

The micromethod is particularly suited for nutritional surveys owing to 
(a) the ease of obtaining suitable blood specimens, (6) the stability o 
specimens, and (c) the convenience for large scale analytical operations. 
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In the course of work in this laboratory (1-2) the need of simple, sensi- 
tive, and reasonably accurate methods was felt for the determination of 
several biologically important ions on small quantities of material. The 
present paper reports our work on the determination of potassium. 

The colorimetric methods for potassium are all indirect and require the 
isolation of the element as some slightly soluble compound containing a 
constituent capable of giving an intensely colored product wth a suitable 
reagent. Potassium is determined colorimetrically by first isolating it as 
the potassium chloroplatinate, potassium, sodium, or silver cobaltinitrite, 
or potassium dipicrylaminate. The chloroplatinate method is the oldest 
and generally considered to be the best for determining macro and micro 
quantities of potassium, but on account of the high price of platinum, and 
the consequent necessity of recovering the platinum from the residues, less 
expensive procedures have been sought. The dipicrylamine reagent has 
been recently introduced into quantitative analysis (3-5) and may be 
applied to the determination of 0.01 to 0.1 mg. of potassium. Sodium 
cobaltinitrite is probably the most sensitive precipitant of potassium (6), 
and in halogen-free solutions an even more insoluble precipitate is obtained 
by using silver cobaltinitrite as a precipitant (7-8) . The difficult point to 
observe with these reagents is the structure of the precipitate vhich verj 
often has been questioned, and formulae ranging from KNa 2 (([)o(N 02 ) 6 ) to 
K 2 Na(Co(N 02 ) 6 ) have been reported, depending on the conditions \mder 
which the precipitation is carried out (9). Hubbard (10) found that t e 
relative concentrations of .potassium, sodium, cobalt, and nitrite ions and 
the acidity of the solution were the factors which most markedly a ecte 
the composition of the precipitate, and recommends adding sodium 
to obtain approximately theoretical results. Jendrassik (11-12) a 

high precision is attained only if potassium is precipitated y a ing 
separated solutions of cobalt nitrate and sodium nitrite . Sobel and liramer 
(13) found that under the conditions of their technique the constant a <otic 
ratio of K;Co was 2: 1.2. Robinson and Putnam (14), by usmg a 
tion of the method of Breh and Gaebler (15) and applying it to t c e er 
mination of potassium in water, obtained a precipitate of de mte s rue ure, 
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the composition of •which was best represented by the formula K 1 .s 5 Ag 1 .e 5 
(Co(N 02 ) 6 ). Robertson and Webb (16) used the silver cobaltinitrite rea- 
gent for estimating potassium in sea water and blood and in body fluids of 
marine animals. 

The variations reported have led to the conviction that the cobaltinitrite 
method is less accurate because of the variable K:Na ratio in the 
precipitate; so that it is generally agreed that the composition of the pre- 
cipitate is best represented by the formula (ICNa) 3 (Co(N 02 ) 6 ) which ex- 
presses well the property which sodium and potassium have of forming a 
series of double nitrites -with cobalt. Nevertheless, imder regulated con- 
ditions of precipitation the composition is fairly reproducible and many 
chemists have obtained excellent results ■with the cobaltinitrite method. 

To determine indirectly the potassium, the diazotization of an aromatic 
amine with the nitrite content of the precipitate followed by a coupling 
reaction has been extensively used (12, 17-22). It seems, however, that 
the more stable cobalt is to be preferred. Tomula (23) develops the blue 
color ■with thiocyanate in 75 per cent acetone; Durupt and Schlesinger (24), 
also Gerschmann and Marenzi (25), employ Vogel’s reaction, but the blue 
color is extracted with ether-amyl alcohol mixture. Yoshinmtsu (26) dis- 
.. solves the sodium potassium cobaltinitrite precipitate in nitric acid and 
y compares the color given by cobalt with dimethylglyoxime and sodium 
sulfide. Jacobs and Hoffman (27), after dissol^vdng the precipitate in hot 
water, add choline hydrochloride and potassium ferrocyanide; an emerald- 
green color develops. Sobel and Kramer (13) dissolve the potassium 
sodium cobaltinitrite in hydrochloric acid, evaporate to dryness, dipohe 
the residue in a potassium pyrophosphate solution, and add a solution 0 
cysteine hydrochloride and hydrogen peroxide; an intense yellow color 
develops which is compared in a colorimeter against a standard made simu - 
taneously. 

Breh and Gaebler (15) determine indirectly the potassium in the potas 
sium silver cobaltinitrite by employing the reaction between cobalt an 
ammonium thiocyanate in alcoholic solution and use a curve to correc or 
the discrepancy between color intensity and cobalt concentration. Ito 
son and Putnam (14) determine the nitrite content of the potassium si i er 
cobaltinitrite by the extremely sensitive Griess method. . 

Harris (28) in his modified silver cobaltinitrite method for potassiu^ 
determines the nitrite contents of the precipitate, as did Robinson an 
Putnam. , . . 1 »g(j 

In the method to be described in the present paper, 
as the potassium silver cobaltinitrite and cobalt is determined p 0 ^ 
cally after adding dimethylglyoxime and benzidine. The qua ita .^..^.g 
reaction w’as described by Chiarottino (29) and found to be hig y se 
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by Spacu and Macarovici (30) who applied it to the colorimetric deternuna- 
tion of cobalt by comparing in a colorimeter the color intensity of the sample 
against a standard prepared simultaneously. 

Method 


Reagents — 

A. Silver cobaUinilrite. This reagent is prepared according to the direc- 
tions given by Robinson and Putnam (14). Dissolve 25^ of sodium 
cobaltinitrite in 150 ml. of sodium nitrite solution containing 50 gm. of 
sodium nitrite. Add with stirring 5 mi. of a 40 per cent solution of silver 
nitrate, dilute to 200 ml. with distilled water, add 2 ml. of glacial acetic 
acid, and draw air through the cold solution until the evolution of ps has 
passed off. The reagent is placed in the ice chest and after standing or 
12 to 24 hours at 4-6° is filtered by gentle suction on a fine Jena glas^s filter 
and preserved in a dark glass-stoppered bottle in the ice box at 4-6 ''' ™ 

not in use. Just before use a portion is filtered as above. Reaerate weekly 


and discard after 1 month. 

B. Washing liquids. Distilled-water ; 50 per cent acetone ; pure acetone. 
The acetone must give an entirely negative test with silver nitrate. 


C. 

D. 


Hydrochloric acid, sp. gr. 1.19. 
Dimethylglyoxime reagent. 1 gm 


, of dimethylglyoxime in 100 ml. 


of 


95 per cent ethyl alcohol. . .. i 

E. Benzidine reagent. 1 gm. of benzidine in 100 ml. o 9 per cen e y 

alcohol. Keep in a dark glass-stoppered bottle away from g , iscar 

if color develops. All of the chemical and solutions must e o e pures 
grade, as free from impurities as possible. 


Procedure 

Pyrex conical bottomed centrifuge tubes graduated at 5, 7.5, 
are used in our technique. An exactly measured quantity o ? ^ , 
monium- and halogen-free, neutral or .slightly acid (acetic aci J ^ * 
be tested is introduced into the centrifuge tube and 1 m . o cagen 

added to each ml. of the potassium-containing solution, i , 

by holding the tube between the thumb and the forefinger o one an 
flipping the fingers of the other hand rapidly against ® ^ nre 

tube. After stLding in the ice box at 4-6° for at least 2 hours pre- 
cipitate and solution are centrifuged for about 15 mmu sa ■ , 

The supernatant liquid is drawn off to within about . m . _ ^ . 

capillary with an upturned tip .so as not to disturb t ic . 

first washing is made with distilled water . Add abou ’ ° to raise 
by drop, letting the liquid run along the walls of the tu ® ^ almost 

the precipitate. In this way two liquid layers are ; colution of 

undiluted .silver cobaltinitrite reagent, the other a veiy i u 
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the same reagent. In order to mix these layers rvith as little disturbance of 
the precipitate as possible, carefully incline the tube to an almost horizontal 
position and rapidly turn it up. After repeating these movements three or 
four times, wash the entire inside of the tube with 4 ml. of distilled water 
added from a pipette moved aroimd the top of the tube. Centrifuge for 
about 10 minutes at 3000 r.p.m. and withdraw the supernatant liquid as 
before. Repeat the washing and withdrawal, using 50 per cent acetone 
instead of distilled water. Next wash with pure acetone. After centri- 
fuging for about 5 minutes at 3000 b.p.m., if care is taken to “bed” the pre- 
cipitate down well, the liquid can be poured off without any loss of the 
precipitate. Carefully decant the supernatant liquid, drain well on filter 
paper, and wipe off the edge of the tube with a clean cloth or lintless filter 
paper. Wash once again ■with pure acetone, centrifuge, decant, drain ■well, 
and wipe off the edge of the tube as before. The supernatant liquid should 
be colorless at the end of the second washing with pure acetone. If not, 
wash again with acetone. Next add 0.1 ml. of hydrochloric acid, sp. gr- 
1.19, and evaporate to dryness on an air bath, the temperature of which is 
slowly raised to about 150-160°. The air bath is covered by a perforated 
brass plate which holds the centrifuge tubes vertical. 

After removing all excess acid, cool to room temperature, add distilled 
water, heat in a boiling water bath, cool again, add Reagent D, and after- 
wards Reagent E, and dilute the contents of the tube wth distilled water 
to an appropriate volume and mix thoroughly. 

The photometric measurements are made 'with the Zeiss Pulfrich step- 
photometer. The technique employed in making the measurements is tha 
described in the directions which accompany the instrument.* The extmo- 
tion, E, was either read from a calibrated drum on the photometer or ca 
culated from the transparency, D. The extinction coefficient, h, 'was t en 
obtained by dividing E by s, the length of the cell used; fc = E/s. 

Photomelric Determination of Cohalt 

In order to apply Chiarottino’s test reaction to the indirect dete^na^ 
tion of potassium isolated as the potassium silver cobaltinitrite, a sta y ■wa 
made on the photometric determination of cobalt by means of t s co^ 
reaction which is very sensitive to small quantities of cobalt and we u 
•wide ranges of this element. The present author has found _ 

reaction is suitable for the photometric determination of cobalt in e po 
slum silver cobaltinitrite precipitate. , 

Procedure — ^To the neutral solution of cobalt add Reagent , 

wards Reagent E, mix, dilute mth distilled water to an S43 

and mix thoroughly. Determine the extinction with the use o i 

1 Mess 430 d/IV. 
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and cells of appropriate lengtli. Sucli a depth of cell is selected that the 
extinction, lies between 0.15 and 0.80. 

Effect of Excess of Reagent on Color— An excess of dimethylglyoxime has 
no effect on the transmittance. A cobalt solution, 1.45 mg. per 100 tn 
was treated with 0.2, 0.3, 0.4, 0.5, 0.6, 0.8, 1.0, 1.5, and 2.0 ml. of Reagent 
D, 0.2 ml. of Reagent E being added in each case. The values of k were as 
follows (0.25 cm. cell length): 1.948, 1.948, 1.960, 1.936, 1.948, 1.960, 1. , 

and 1 .948. The same does not hold for Reagent E. The above solution of 
cobalt treated with 0.5 ml. of Reagent D in each case and varying quanti les 
of Reagent E, from 0.2 to 2 ml., gave extinction coefficients. A:, which varied 
from 1.948 for 0.2 ml. of reagent to 2.176 when 2 ml. were added 1 rom the 
data thus obtained it was concluded that Reagent E must be used ffiscreetly , 
and that unnecessarily large amoimts of it are not to be adde to e samp e 
to be analyzed. 0.2 ml. of Reagent E for 10 ml. final volume is the amount 
used in the present technique. 


Table I 

Effect of Final Volume on Color 


Final volume 

Cell length 


ml. 

cm. 


2.6 

0.6 

0.337 

5.0 

1.0 


7.5 

1.0 


10.0 

1.0 




0.674 

0.670 

0.670 

0.670 


SlaUlity of Color— The maidmum color develops wthin abou 

after Reagents D and E are added, i,, the following 

hours if pure solutions of cobalt are used, inis 

T^ution of cobalt, 0.50 mg. per 100 aluefoft 

Reagent D and afterwards with 0.2 ml. of Reag _ • „ ggg jq 

were as follows: 2 minutes 0.585, 3 minutes 0 602, 5 n^utes 0.635, 

minutes 0.658, 30 minutes 0.658, 3 hours 0.658, 2 j volume 

Effect of Final Volume on CoW Reading s-K ehunge of the final 

has no effect on the extinction, as is shown in Ta ® ‘ , anvwhere in 

Effect of Temperature on Color Readings— U was ° the color 

the range of 20-30°, which covers the usual room 

readings were identical. +V,p nresent technique the 

Lamhert-Beer Loto— Under the conditions amount of cobalt 

intensity of the color which develops is deternune -otiait and extinc- 

present. Cahbration graphs plotted with the per cent of cobalt an 
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tion coefficient k as coordinates were straight lines; an equation for the per 
cent of cobalt may thus be derived from the slope of the line. 

The extinction coefficient, k, is the extinction for a 1 cm. layer of 
absorbing medium, and is directly proportional to the concentration of a 
solution, if the Lambert-Beer law holds. If so, the concentration of an 
imknown may be calculated simply by measuring the extinction of a layer of 
known thickness. 

If k denotes the extinction coefficient of a solution of known concentra- 
tion, Cl, the concentration of an unknown, cj, giving an extinction coefficient, 


Tabij: II 

Relation of Extinction Coefficient, k, to Concentration of Cohalt, c 


Co ! 

Cell length 

D 

E 

k 


mg, per 100 ml. 

cm. 





0.050 

3.0 

63 

0.201 

0.067 


0.100 

3.0 

39.4 

0.405 

0.135 


0.150 

3.0 

25 

0.602 

0.201 


0.200 

2.0 

29.4 

0.532 

0.266 


0.250 

2.0 

21.4 

0.670 

0.335 


0.300 

1.0 

39.6 


0.402 


0.350 

1.0 

34 


0.469 


0.400 

1.0 

29.4 


0.532 


0.450 

1.0 

25 


0.602 


0.500 

1.0 

21.4 


0.670 


0.600 

1.0 

16 


0.796 


0.700 

0.5 

34.4 

0.463 

0.926 


0.800 

0.5 

29.4 

0.532 

1.064 


0.900 

0.5 

25.4 

0.595 

1.190 


1.000 

0.5 

21.4 

0.670 

1.340 




0.746 

0.741 

0.746 

0.752 

0.746 

0.746 

0.746 

0.752 

0.748 

0.746 

0.754 

0.756 

0.752 

0.756 

0.746 


Mean 


0.749 

error of each determination, ■%/ Xd'/(n — 0.0445 

“ “ mean, "s/ ZdV(n(n — 1)) 0.^ 


kt,isc2= {ci/ki) X fe; k2 and cj are variables and ci/Ai is a constant w c 
once determined will always hold for the method; so that the concentra ion 
of an imknotvn is readily calculated by multiplying the constant by o 
extinction coefficient. . . 

Table II shows that the extinction coefficient, k, is directly propo ton 
to the concentration of cobalt, c. 

Photomelric Delemtinalion of Polassium 

K:Co Ratio in Potassium Silver Cohaltinilrite; 

Potassium — ^Potassium sulfate “pro analysi,” Schering-Ka aum, 
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weighed out accurately, dissolved in distiUcd water in a 1.000 ml. volumet- 
nc flask, and diluted to the mark with distilled water. Aliquots were taken 
and potassium was determined gravimetrically by the method accepted by 
e ^Delation of Official Agricultural Chemists (31). Aliquots of this 
solution were then conveniently diluted. Potassium was precipitated as 
‘^o^'^ltinitrite, the precipitate was washed as described, 
cobalt determined photometrically by the above procedure. According 

Table III 

K;Co Ratio in Potassium Silver Cobaltinitrite Precipitate; Calibration 
Factor for Potassium 
Volume of colored solution, 10 ml. in each case. 


"l. ter 100 ml. 
colorci solution 

O.OS 
0.08 
0.10 
O.IS 
0.20 
0.25 
0.30 
0.35 
0.40 
0.45 
0.50 
0.60 
0.70 
0.80 
0.90 
1.00 


Mean 


ZtW Itngth 

D 

E 

k 

1 Co 'cund 

c 

k 





«r. per lOQ 


cm 




ml. colored 






solution 


3.0 

60 

0.222- 

0.074 

0.0554 

0.676 

3.0 

43.5 

0.362 

0.121 

0.0906 

0.670 

3.0 

36.2 

0.441 

0.147 

0.1101 

0.680 

3.0 

21.6 

0.666 

0.222 

0.1663 

0.676 

2.0 

25.6 

0.592 

0.296 

0.2217 

0.676 

1.0 

42.5 


0.372 

0.2786 

0.672 

1.0 

35.8 


0.446 

0.3341 

0.673 

1.0 

30 


0.532 

0.3917 

0.669 

1.0 

25.6 


0.592 

0.4434 

0.676 

1.0 

21.6 


0.666 

0.4988 

0.676 

1.0 

18 


0.745 

0.5580 

0.671 

0.5 

36 

0.444 

0.888 

0.6651 

0.676 

0.5 

30 

0.522 

1.044 

0.7820 

0.670 

0.5 

25.6 

0.592 

1.184 

0.8866 

0.676 

0.5 

21.4 

0.670 

1.340 

1.0037 

0.672 

0.5 

18.2 

0.740 

1.480 

1.1085 

0.676 


error of each determination, 
mean 


0.674 

0.003 

0.0008 


o the results shotvn in Table III, if we assume that the potassium was 
completely precipitated, the formula of the potassium silver cobaltinitrite 
under the above conditions may be represented as Ki.ssAgi.o- 

(Co(NOj)O. 


of Acidity on Precipitalion of Potassium — ^The solution of potassium 
0 be tested must be neutral or slightly acid. We have always employed 
acetic acid and found that up to an acidity corresponding to 2 n no effect 
IS seen on the precipitation of potassium. Potassium was determined on 
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aliquots of the same solution, according to .the above procedure, imder 
exactlj' the same conditions except for the quantity of acetic acid added, 
■which was varied to give normalities ranging from 0.0, 0.2, 0.3, 0.4, 0.5, 
1.0, 1.5, to 2. The values of k were as follows: 0.500, 0.495, 0.517, 0.490, 
0.495, 0.509, 0.500, 0.495, and 0.495. 

Effect of Time on Precipitation — 1 ml. of a solution containing 30.6 y of 
potassium per ml. was treated with 1 ml. of Reagent A and allowed to stand 
in the ice box at 4-6° for various periods ranging from 30 minutes to 18 
hours. Potassium was then determined as described in the procedure,the 
volume of the colored solution being 10 ml. in each case. The solutions 
showed the following extinction coefficients, k, after various times of stand- 
ing: 30 minutes 0.398, 1 hour 0.420, 2 hours 0.456, 3 hours 0.449, 18 hours 
0.449. From these data it was concluded that 2 hours standing in the ice 
chest at 4-6° is long enough to secure maximum precipitation of potassium 
under the conditions of the procedure, and that longer times, at least up to 
18 hours, are not prejudicial. 

Stability of Color — As has already been shown, if pure solutions of cobalt 
(CoClj-OH-O) are used, the color remains unchanged for at least 20 hours. 
The same does not hold for the color developed after the potassium silver 
cobaltinitrite complex is destroyed with hydrochloric acid and the resultmg 
solution evaporated to dryness, as is shown in the follo'wing experiments. 
A solution of potassium, 0.50 mg. per 100 ml., was treated according to 
the conditions prescribed. The colored solution showed the following 
values of k after various times of standing: 2 minutes 0.638, 5 minutes 
0.674, 10 minutes 0.734, 15 minutes 0.734, 30 minutes 0.734, 45 minuto 
0.734, 1 hour 0.754, 28 hours 0.886. This is probably due to the catalytic 
action of silver chloride present in the system. 


Determination of Potassiunt in Biological Materials 
Ashing — have used wet ashing to remove anamonium and haloS® 
ions from the incinerated material. Ammonium salts give a precipi a e 
similar to that produced by potassium and must therefore be comp e e 3 
eliminated before precipitating potassium, and obnously the solution mus^ 
be halogen-free. Halogens could be precipitated with a silver ni^tra e so 
tion but, as Robinson and Putnam found, only a slight excess of si ' ^ 

should be present from the precipitation of the chloride, for, of 
higher silver-potassium ratio in the precipitate is to be noted, 
of this, we have tried to avoid precipitating the halogens em's 
solution to be tested by^ means of silver nitrate. To tliis effect e 0 
modification ■was introduced in the wet ashing procedure prenous 

A sample of convenient size is accurately measured and placed in a 
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15 mm. Pyrex, or preferably fused silica, test-tube graduated at 1 ml. 0.5 
ml. of a nitric-perchloric acid mixture (3 ml. of HNOj, sp. gr. 1.40, and 1 ml. 
of HC10<, sp. gr. 1.67) is added and the tube is heated on an air bath, 
the temperature of whieh is slowly raised to about 135°. The air bath is 
covered by a perforated brass plate which holds the tube vertical. The 
acid solution boils gently. After the brown fumes of oxides of nitrogen have 
evolved, if charring occurs, add measured quantities of the acid mixture 
(about 0.2 ml. at a time) and continue until a colorless or very pale yellow 
liquid is obtained. The temperature of the air bath is then slowly raised 
to about 205°, until white fumes appear. If the solution is not colorless at 
this point, add more of the acid mixture as before, and heat at about 135° 
and then at about 205°. After a white, or very pale yellow, residue is ob- 
tained, raise the temperature of the air bath to about 250°, vmtil all excess 
of perchloric acid has been removed. The test-tube is then heated more 
vigorously on a micro burner flame. According to the amount of nitrogen 
present in the sample, and thus to the quantity of ammonium perchlorate 
formed in the process, very slight explosions may be observed in the tube. 
The heating is continued until all fumes have evolved. This ehminates 
ammonium. Cool the tube, add 0.5 ml. of 2 N HjSO<, evaporate on the air 
bath at about 130°, and then heat on a small flame, with continuous shaking, 
until white fumes appear. Continue the heating until there is free evapora- 
tion of the sulfuric acid. Cool, add 0.5 ml. of distilled water, heat the test- 
tube slightly, and then cool. Dilute exactly to the mark. Run a standard 
at the same time, under exactly the same conditions. The acid solution 
obtained at the end of the process is ammonium- and halogen-free. 

Determination of Potassium in the Ash — A convenient aliquot is taken 
from the cold acid solution of the ash and transferred to a Pyrex conical 
bottomed centrifuge tube graduated at 5, 7.5, and 10 ml. Add a drop of 
methyl red, and afterwards, drop by drop, a concentrated solution of sodium 
carbonate until the solution becomes alkaline. Plimge the tube in a boiling 
water bath for about 5 minutes. If a precipitate, or turbidity , forms at this 
stage, cool, centrifuge, and decant the supernatant liquid to a similar Pyrex 
centrifuge tube. Dissolve the precipitate in a few drops of 2 n CH3COOH, 
add about 0.5 ml. of distilled water and a drop of methyl red, and repeat t e 
precipitation with sodium carbonate as before. Centrifuge and add t e 
supernatant liquid to the second Pyrex centrifuge tube. To this solution 
add, drop by drop, a measured quantity of 5 n CH3COOH imtil the 
becomes pink. Plunge the tube in a boiling water bath to remove all CO2 
formed in the process. Add more dilute acetic acid, about 1 n, to keep t e 
liquid slightly acid, if necessary. Evaporate the solution thus obtaine to 
about 1 ml., cool, add 1 ml. of Reagent A, and proceed as directed under 
“Procedure.” The standard should be treated in the same manner as the 
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Table IV 


Determination of Potassium on Sample of Serum from Callinectes danae Smith 


Serum corre- 
sponding to 
aliquot taken 
from solution 
of ash 

Final \olume 

Cell length 

D 

£ 

k 

K 

ml 

0.04 

ml. 

7.5 

cm 

1 

49 

■ 

0.310 

mt fir 100 ml 

39.43 

0.04 

10 

1 

58 


0.237 

39.93 

0.08 

7.5 

1 

24 


0.620 

39.18 

0.08 


1 

34.6 


0.461 

38.84 

0.08 


1 

34 


0.469 

39.51 

0.12 

7 5 


36.6 

BH 

0.948 


0.12 

10 


44 

WMM 

0.714 


0.16 


0.5 

33 

0.480 

0.960 


0.16 


0.5 

33.6 

0.474 

0.948 

39 83 


Mean 

“ error of each determination 




“ “ mean 


CoefiBoient of variation 


39.69 
0.5785 
0 1929 
1.46 


Table V 


Serum corre- 
sponding to 
aliquot taken 
from solution 
of ash 

Final volume 

Cell length 

D 

E 

ml 

ml 

cm. 


BB 

0.04 

7.5 

2 

57 

BSI 

0.04 

10 

3 

53.5 

mEm 

0.04 

10 

3 

54.5 

0.264 

0.08 

7.5 

2 

34.4 

0.463 

0.08 

10 

3 

30 

0.523 

0.08 

10 

3 

28 

0.552 

0.16 

7.5 

1 

34 


0.16 

10 

1 

43 


0.16 

10 

1 

44.5 



Mean 

“ error of each determination 
“ “ “ mean 

Coefficient of variation 



15,06 
0 3605 
0 1202 
2.39 


sample solution. The color readings must be made ivithin 10 to 30 m’ 
after the addition of the reagents. 
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Table VI 


Determination of Potaesium on Sample of Human Serum 


Serum cx)iTe- 
tpondme to 
aliquot taken 
from solution 
of ash 

Final volume 

Cell length 

D 

E 

k 

K 

mJ 

0.04 

ml 

7.6 

cm 

2 

47.6 

0 322 

0.161 

mg per 100 mJ 

20.35 


10 

3 

45 

0.347 

0.116 

19.55 


10 

3 

43.5 

0.362 

0 121 

20.39 

0.08 

7.6 

2 

23 

0.638 

0 319 

20.17 

0.08 

10 

2 

32 

0.405 

0.248 

20.89 

0.08 

10 

2 

33 

0 482 

0 241 

20.30 

0.12 

7.5 

1 

34 


0 469 

19.76 

0.12 

10 

1 

45 


0.347 

19.49 

0.12 

10 

1 

43 


0.367 

20.61 

0 16 

7.5 

1 

23 


0.638 

20.16 

0.16 

10 

1 

34 6 


0 461 

19.42 

0 16 

10 

1 

35 


0 456 

19 21 


Mean 20 03 


Mean 20 03 

“ error of each determination . 0.5272 

" " “ mean . 0.1522 

Coefficient of variation 2.63 


Table VII 


Recovery of Potassium Added to Serum 


Serum 

K corresponding 
to quantity of serum 
used m analysis 

K added 

E found 

K recovered 


7 

7 

7 

7 

Callinectes danae 

31.75 

12 

42 45 

10.70 

Smith 

31.75 

16 

47.59 

15.84 


31.75 

20 

53.26 

21.51 


63 50 

12 

74 41 

10.91 


63.50 

16 

81.07 

17.57 


63.50 

20 

83 58 

20 08 

Human 

16 02 

12 

27.57 

11 55 


16 02 

20 

34.41 

18 39 


32 04 

12 

42 26 

10 22 


32.04 

16 

49 27 

17.23 


32 04 

20 

51 22 

19.18 


Results 

Accori^g to the results shown in Tables IV, V, and VI it is easy, by 
exercising care, to obtain a fair degree of accuracy with this method. 
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The recovery of potassium added to the various sera investigated was 
remarkably good, considering the small quantity of potassium involved, as 
is shown in Table VII. To the sample a measmed quantity of a standard 
solution of potassium was added, the whole was ashed, and the entire pro- 
cedure carried out as described. 


SUMMARY 

A further modification of the silver cobaltinitrite method of Breh and 
Gaebler for use with 0.05 to 0.20 ml. of blood serum is presented. 

Potassium is isolated as the potassium silver cobaltinitrite and cobalt is 
determined photometrically by employing the Chiarottino color test. The 
applicability of this reaction was studied for quantitative estimation of 
cobalt in the potassium silver cobaltinitrite complex. 

The color system follow's the Lambert-Beer law; therefore the concentra- 
tion of an unknoivn is readily calculated. 

The potassium content of 0.05 to 0.2 ml. of solutions containing 15 to 40 
mg. per 100 ml. was estimated by the photometric determination of cobalt 
in the potassium silver cobaltinitrite precipitate with an error inferior to 3 
per cent. 

A simple, yet reliable, method of ashing the sample is described, and 
analyses for blood serum from different animals are given. 

Good recovery of potassium added to the sera used was obtained. 
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AEROBIC PHOSPHORYLATIONS IN TISSUE SLICES* 

Sirs; 

In the course of studies on phosphorylative mechanisms in surviving rat 
kidney and liver slices, it has been found that organophosphates do not 
accumulate in the slices. In fact, there is breakdown of organophosphates 
mitially present. This occurs even though the slices show considerable 
metabolic activity, as indicated by oxygen uptake. 

When NaF is added to the medium, there is an increase in the amount of 
organic phosphates in the slices. It is difficult to tell whether the increase 
is due to an inhibition of the decomposition of the organophosphates or 
whether the increase represents newly synthesized esters. However, it has 
been possible to solve this problem through the use of radioactive phos- 
phorus. 

In the table are given the results of a typical experiment with kidney 
slices. In the absence of NaF, there is much less radioactive phosphorus 
fixed in the organic form than in the experiments in which NaF is present. 
This takes place despite the fact that NaF causes a depression of the oxygen 
uptake. This is imderstaudable, since fluoride probably mhibits the phos- 
phatase which normally causes the breakdown of the newly synthesized 
compound. 

It is of importance to note that there are neglipble amounts of adenosine 
pyrophosphate in the slices even when fluoride is present. Only from 10 
to 20 per cent of the total organic phosphate contains radioactive phospho- 
rus. The radioactivity is present largely in a compoimd which apiJears to 
be phosphoglyceric acid. 

Glucose and lactate are not effective in increasing the formation of tte 
intermediate. MaJonate partially inhibits the fixation of the radioactive 
phosphorus. In the absence of oxygen, there is no acciunulation of the 
radioactive compound (see the table). Because there is no synthesis 
anaerobically, it is likely that the radioactive compormd is formed through 
aerobic phosphorylation reactions similar to those described by Colowick 

* This study was aided by a grant from the John and Mary R. Markle Foundation. 
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el aU and Ochoa.- These experiments can be conadered as eiddence that 
aerobic phosphorylation processes occur in excised tissues. 



Per gm. tissue 

Radioactivity per gm. 

tissue* 


Inorganic 

Organic 

Inorganic P >2 

Organic P« 

1 OOi 

Without F 

nf. 

0.510 

rtt. 

0.240 

! 

24.36 ' 

1.84 

n 


0.622 

0.358 

25.18 

2.32 



0.422 

0.262 ' 

18.08 ' 

1.72 

121 

With F 

0.450 

0.650 

29.45 

8.55 

77 


0.529 

0.620 

29.05 

6.95 

71 


0.550 

0.725 

31.50 

7.90 

SO 

“ “ in absence 

O.SOO 

0.400 

37.15 

0.650 


of 0: (in helium) 

0.690 

0.475 

36.90 

0.745 



0.735 

0.384 

37.41 

0.800 



* Expressed as per cent of the radioactivity originally present in the medium. 


We are indebted to Professor Harold E. Himivich for his encouragement 
and adidee in this work. 

Deparlment of Physiology and Pharmacology Nathan 0. Kaplan 

Albany Medical College Ilsa Meuelsdobfp 

Albany Ethel Dodge 
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the effect of anterior pituitary extract and of 

INSULIN ON THE HEXOKINASE REACTION* 

Sirs: 

The first step in the utilization of glucose by animal tissues, a step com- 
mon to its transformation to glycogen and its oxidation, is catalyzed by 
hexokinase: glucose + adenosine triphosphate — > glucose-6-phosphate -h 
adenosine diphosphate. This reaction can be inhibited by anterior pitui- 
tary extract (APE),* either by injecting rats with APE prior to the prepara- 
tion of tissue extracts or by adding APE to the enzyme preparation in 
vitro, and the inhibition can be counteracted by insulin** either in vivo or 
in vitro. 

When phosphate-saline extracts of various rat tissues (muscle, liver, 
kidney, heart, brain) are used and APE is added, the hexokinase activity 
curi'es show a lag period, the duration of which depends on the ameunt of 
ape added. The resumption of hexokinase activity after 15 minutes of 
incubation, which is shown in Fig. 1, is due to an enz 3 Tnatic inactivation of 
APE in crude tissue extracts. When purified preparations of muscle hexo- 
kinase are used, the inhibition of hexokinase by APE is not released with 
time (Fig. 2). In contrast to animal hexokinase, yeast hexokinase is not 
inhibited by APE. 

Rats made diabetic by the injection of alloxan yield tissue extracts which 
show the same enzyme activity curves as those obtained from rats pre- 
viously injected with APE. The brain is an apparent exception, since 
brain extracts prepared from rats injected with alloxan or with APE do not 
show an inhibition of hexokinase actiyity. Brain extracts can, however, 
be inactivated by addition of APE in vitro. 

The conversion of glycogen to lactic acid in muscle extract is not in- 
hibited by APE. When oxygen consumption is measured in a dialyzed 
liver dispersion, oxidation of glucose is inhibited by APE, while that of 
fructose-6-phosphate and of pyruvate is not. 

Insulin releases^ hexokinase from APE inhibition in all cases mentione , 
but does not by itself enhance hexokinase activity under these experimenta 
conditions.- Within a certain range the release of inhibition is proportions 
to the amount of insulin added in vitro. That the in vivo action of insulin m 
of a similar nature is indicated by the fact that muscle extracts prepare 

* Supported by a research grant from the Nutrition Foundation, Inc. 

* The K fraction described by Greaves, Freiberg, and Johns (/. Bio . cm., > 

243 (1940)) was used in all cases. v j i, -pt; t Ulv 

® An amorphous insulin preparation (20 units per mg.) was suppne y 
and Company. 
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from diabetic rats after the injection of insulin show normal hexokinase 
activity. When insulin is reduced by cysteine, it no longer exerts its 
antagonistic effect against APE inhibition of hexokinase activity. 



Fig. 1. The effect of APE (K fraction) on the hexokinase activity of phosphate- 
saline extracts of liver and of .APE and insulin on phosphate-saline extracts of muscle. 
^ The hexokinase activity is measured manometrically as described previously (Colo- 
y' wick, S. P., and Price, W. H., J. Biol. Chcm., 167, 415 (1945)). APE and insulin are 
' added from the side arm 5 minutes before tipping in the substrates. Curve I, liver 
hexokinase ; Curve II, liver hexokinase -1- 200 y of APE ; Curve III, muscle hexokinase; 
Curve IV, muscle hexokinase -p 500 y of APE -p 100 y of insulin; Curve V, muscle 
hexokinase -p 500 y of APE. 

Fig. 2. The effect of APE (K fraction) and insulin on purified muscle hexokinase. 
A fraction of fresh phosphate-saline extract precipitated by 25 per cent acetone at pH 
5.9 in the cold was used. The experimental conditions were the same as in Fig. !■ 
The disappearance of adenosine triphosphate was determined chemically at the end of 
the experiment and was found to be in agreement with the results obtained by the 
manometric procedure. Curve I, hexokinase; Curve II, he.xokinase -P 400 r of APE 
-p 75 of insulin; Curve III, hexokinase -p 400 y of APE. 

The numerous implications of these findings will be discussed in later 
publications. 

Department of Pharmacology Winston H. Pwcb 

Washington University School of Medicine Cabl F. Coni 

St. Louis SIDNBT P. COLOWICK 
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METHYLATION OF GUANIDOACETIC ACID BY HOMOCYSTINE 
PLUS CHOLINE WITH RAT LIVER SLICES 

Sirs: 


The methylation of guanidoacetic acid by liver slices is accelerated by 
methionine; choline, under these conditions, exerts no significant accelerat- 
ing effect.* In view of the fact that homocystine plus choline can replace 
methionine for growth," and of the isotope experiments which proved the 
transfer in vivo of the methyl groups of choline to creatine,’ it has been sug- 
gested, from indirect evidence, that the pathway of the methyl group to 
creatine is more direct from methionine than from choline.* More specific 
evidence is desirable, especially as neither homocystine nor homocysteine 
has been identified in animal tissues. 

In experiments wth rat liver slices designed to obtain such evidence it was 
found that df-homocystine plus choline accelerates the methylation of 
guanidoacetic acid as effectively as does df-methionine. Homocystine is 
ineffective without choline, as is choline nuthout homocystine. 

dZ-Homocystine and choline are more effective than dZ-homocysteine and 
choline.' 

These observations are the first, as far as we are aware, on the utilization, 
outside the whole animal, of the methyl groups of choline in the formation 
of creatine. 

They furnish direct evidence that homocystine can function as a carrier 
of the methyl groups of choline in the methylation of guanidoacetic acid, 
and as it is more effective in this respect than homocysteine, the actual 
carrier is probably closer to homocystine than to homocysteine. The occur- 
rence of homocystine or homocysteine in vivo remains to be demonstrated. 

The above observations do not answer the question whether the forma- 
tion of methionine is an obligatory antecedent to the methylation of guani- 
doacetic acid by homocystine plus choline. The unmediate methyl 
to guanidoacetic acid may be methionine or a derivative of it or of met^ y - 
ated homocystine. We hold this question open because of ob^rvatioM 
(unpublished) on the inhibition of the methylation of guanidoacetic acid by 
oxidation inhibitors, e.g. KCN, AsjOa, and AsjOe. 


* Borsook, H., and Dubnofif, J. W., J. Biol. Chem., ISZ, 559 (19t0)- 

*du Vigneaud, V., Chandler, J. P., Moyer, A. W., and Keppel, D. M., n o . 
CAe7n.,131, 57 (1939). r i 

* Simmonds, S., Cohn, M., Chandler, J. P., and du Vigneaud, V., J. BioJ. Ohem., 
!«• 519 (1943). 

*du Vigneaud, V., Harvey Lectures, 38, 39 (1942-43). _ , 

‘We wish to thank Professor Vincent du Vigneaud for his generous gift of tne 
dZ-homooystino and dl-homocysteine used in these experiments. 
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from diabetic rats after the injection of insulin show normal hexokinase 
activity. When insulin is reduced by cysteine, it no longer exerts its 
antagonistic effect against APE inhibition of hexokinase activity. 



Fig. 1. The effect of APE (K fraction) on the hexokinase activity of phosphate- 
saline extracts of liver and of .^PE and insulin on phosphate-saline extracts of muscle. 
The hexokinase activity is measured manometrically as described previously (Colo- 
wick, S. P., and Price, W. H., J, Biol. Chcm., 167, 415 (1945)). APE and insulin are 
added from the side arm 5 minutes before tipping in the substrates. Curve I, liver 
hexokinase; Curve II, liver hexokinase -f 200 t of APB; Curve III, muscle hexokinase; 
Curve IV, muscle hexokinase -b 500 y of APE + 100 y of insulin; Curve V, muscle 
hexokinase + 500 y of APE. 

Fig. 2. The effect of APE (K fraction) and insulin on purified muscle hexokinas^ 
A fraction of fresh phosphate-saline extract precipitated by 25 per cent acetone at p 
5.9 in the cold was used. The experimental conditions were the same as in Fig. !• 
The disappearance of adenosine triphosphate was determined chemically at the en o 
the experiment and was found to be in agreement with the results obtained ® 
manometric procedure. Curve I, hexokinase; Curve II, hexokinase -f- 400 r of 
-b 75 of insulin; Curve III, hexokinase -b 400 y of APE. 

The numerous implications of these findings will be discussed in later 
publications. 

Department of Pharmacology Winston H.^Pwcb 

Washington University School of Medicine ^P ^nowicK 
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THE ADSORPTION OF PHOSPHATES BY ENAMEL, DENTIN’ 

AND BONE 

II. THE ADSORPTION RATES FROM CONCENTRATED SOLUTION 
Sirs: 

The demonstrations of apparent plateaus in the adsorption of a number 
of ions on powdered calcified tissues after exposures of 30 to 90 minute 
to the various aqueous solutions led Johansson ei ol^ recently to stu y 
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Pig. 1. Adsorption on hard tissues. Amounts of phosp a es a „iofted as 
P per gm.) from 0.2 M aqueous solutions of disodium acid phosp a e 
ordinates against the square root of the exposure time in hours. i , 1,2 

than dentin which adsorbs more than enamel. The recession ines^ h = 3 3- 

following constants for the equation X/M = o + one, o ' 

dentin, a = 4.9, 6 = 4.0; enamel, a = 0.2. b = 0.5. The lines for bone and dentin, 

extrapolated, would intersect at 81 hours. 

adsorption characteristics during much longer periods. . 

demonstrated (a) that the calcified tfeues continued o a 

periods up to 64 hours with no indication of decreasmg 

diffusion was probably one of the controlling factors m e a /y/jin 

(shown by a linear relationship between the amoun a sor 

» Johansson, E. G., Falkenheira, M., and Hodge, H. C., J. Biol. Chem., 169, 129 
(1945). 
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Melhylalion of Guanidoacclic Acid by Ral Liver Slices 
The results are expressed as Qcrcsim. X 100. All solutions contained 1.5 mg. per 
cent of guanidoacetic acid. 


Guanidoacetic acid plus 


! 

Experi- 
ment No. 

Guanido- 

acetic 

acid 

alone 

d/-Methio- 
nine (6.25 
mK. per 1 
cent) 1 

1 

d/-Homo- 
cystine (6.25 
mg. per 
cent) 

1 

1.45 


1.85 

2 

1.72 


1.61 

3 

1.06 

3.00 

0.93 

4 

0.39 

2.01 

0.40 


dl-Homo» 
cysteine (6.25 
mg. per 
cent) 

Choline 
chloride (39 
mg. per 
cent) 

di-Homocys- 
tine (6.25 
mg. per cent) 
choline 
chloride (39 
mg. per cent) 

d/-Horaocys- 
teine (6.25 
mg. per cent) 
4- choline 
chloride (39 
mg. per cent) 

2.04 

2.04 

5.77 

2.68 


1.87 

3.46 

1.50 

0.90 

1.23 

2.66 

1.96 


0.32 

2.46 

0.80 


The table summarizes some typical results. The values in the appropri- 
ate controls are omitted. 

William G. Kerchoff Laboratories of the Biological Sciences Henri Bobsook 
California Institute of Technology Jacob W. Dubnofp 

Pasadena 
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and the square root of the time of exposure); and (c) that although the 
amounts of ions adsorbed in the initial exposures were in the order bone > 
dentin > enamel, the slopes of the adsorption curves differed in such a way 
that after 64 hours exposure enamel > dentin > bone in adsorbing power. 

The experiments have been repeated (Fig. 1) for periods up to 8 hours and 
the first tw'o observations confirmed, although the absolute value of XjM 
was considerably less than that reported by Johansson el al. We have 
been unable to confirm the third observation that enamel adsorbed more 
than dentin or bone after prolonged exposures. 

We wish to thank Miss Elizabeth Street for the calculations of the 
regression lines. 

Department of Biochemistry and Pharmacology Harold Carpenter Hodge ^ 

School of Medicine and Dentistry Marlene Falkenheim 

The University of Rochester 
Rochester, New York 
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exchange resm, use, McCoUoch and 
Kcrlcsz, j^g 

Methylpalmltlc acid : d-U , sy nthesis and 
configuration, VcUcK and English, 

473 

— . aool fat acid relation, Vclicl and 
English, 

Mlaeral(s): Epidermis, human, Siinlscjf 
ond CarruthcTSf 5 (j 7 

Wold: See aho Neurospora 
Mononucleotide (s): Ribonucleic acids, 
commercial, nbonuclcinosc, effect. 

527 

nscle: Metabolism, oxygen pressure 
effect, Sladic, Rtggs, and llaugaard, 

209 

N 

Neurospora: Mutant, lysine determma- 
‘ion, use, Doermann, 95 

urine deficient, grow th requirements. 
Pierce and Losing, 409 

ucleic acid(s): Ribo , commercial, 
mononucleotides, ribonucleinase ef- 
fect, Zutle, 527 

f Eiphosphopyridine , liver 
e ydrogenase, effect, Greenstein and 
ChalLley, gyj 

ono , ribonucleic acids, commercial, 
nbonuclemase, effect, ZtUle, 527 
Nucleus: Sec Cell 


Oetahydropyrrocohne: Ring system, 
veratrine alkaloids, Uhle and Jacobs, 

Oialacetate: Carbon dioxide fixation, 

Oivh! ^“0’ and IPood, 375 

0 in. Deteimination, biotm pres- 
Oxv ’ « and Winnicl , 449 

ySfia: Poisoning, Siadie, Riggs, and 

FrSuTI: '^'209 

ressute, brain metabolism, effect, 
or te, Riggs, and Ifaugaard, 191 


Oxygen— continued- 
Pressure, kidney metabolism, effect, 
Stadic, Riggs, and Haugaard, 209 
— , liver metabolism, effect, Sladie, 
Riggs, and llaugaard, 209 

— , lung metabolism, effect, Stadie, 
Riggs, and Haugaard 209 

— , muscle metabolism, effect, Stadic, 
Riggs, and Haugaard, 209 


Palmitic acid: rf-14 Methyl-, synthesis 
and configuration, Velich and Eng- 
lish, 473 

— , wool fat acid relation, Velick and 
English, 473 

Pancreas: Mitifatty liver factor, blood 
plasma choline, relation, Chaikoff, 
Enlenman, and Montgomery, 387 
, mechanism, Chaikoff, Enlen- 
man, and Montgomery, 387, 489 
Vitamin B, conjugase, Mims and Las- 
kowslt, 493 

Pancreatectomy: Fatty liver, methionine 
effect, Chaikoff, Enlenman, and 
Monlgomery, 489 

Pantothenic acid: Analogues, growth ef- 
fect, Shive and Snell, 287 

Pantoylalkylamlne(s): N-, and related 
compounds, growth effect, Shive and 
Snell, 287 

Pectic enzyme (s): McColloch and Ker- 
tesz, ^49 

Pectin: -Mothylesterase removal, ion ex- 
change resin, use, McColloch and 
Kcrlcsz, f49 

Pectinase: Pectin mothylesterase re- 
moval, 1011 exchange resin, use, 
McColloch and Kerlesz, 149 

Phosphate (s): Bone, adsorption, Hodge 
and Falkenheim, 937 

Dentin, adsorption, Hodge and Ealken- 
heim, 

Enamel, adsorption, Hodge and Falken 
heim, 

Phosphorus: Blood, fractions, insulin 
and epinephrine effeci, IVeissberger, 

481 

Tissue, anoxia and cytochrome c effect, 
Progrr, Dccancas, and Schmidl, 233 
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Phosphorylase: Potato, polysaccharides 
and polysaccharide degradation prod- 
ucts, effect, Hidy and Day, 273 
Phosphorylation: Aerobic, tissue slices, 
iCapJon, Memelsdorff, and Dodge, 

631 

Pituitary: Anterior, extract, hexokinase 
reaction, effect, Price, Cori, and 
Colowick, 633 

Thyrotropic hormone, preparation, 
Ciereszko, S85 

Polysaccharide (s): Degradation prod- 
ucts, potato phosphorylase, effect, 
Hidy and Day, 273 

Potato phosphorylase, effect, Hidy and 
Day, nz 

Potassium: Biological materials, deter- 
mination, photometric, Salami 
Pereira, 617 

Potato; Phosphorylase, polysaccharides 
and polysaccharide degradation prod- 
ucts, effect, Hidy and Day, 273 
Protein (s); Detergents, synthetic, and 
interaction, Nenrath and Putnam, 

307 

Liver fat, effect, Beveridge, Lucas, and 
O’Grady, 505 

Purine: -Deficient Neurospora, growth 
requirements. Pierce and Loring, 

409 

Pyracin: Folio acid formation, relation, 
Daniel, Scott, Norris, and Heuser, 

265 

Pyrldoxlne: Deficiency, tryptophane 
fate, Axelrod, Morgan, and Lepkov- 
sky, 155 

Vitamin Bs conversion to codecarboxy- 
lase, r61e, Bellamy, Vmhreit, and 
Gunsalus, 461 

Pyrrocoline: Octahydro-, ring system, 
veratrine alkaloids, Uhle and Jacobs, 

243 


R 

Resin: Ion exchange, pectin-methyles- 
terase removal, use, McColloch and 
Kertesz, 149 

Respiration: Liver glycogen, synthesis 
relation, Crandall, 343 


Respiration — continued; 

Stimulation, yeast extract, mechaniam, 
Kreke and Suler, 105 

Riboflavin : Anti-, galactoflavin, relation, 
Emerson, Wurtz, and Johnson, 165 
Derivatives, preparation and biological 
activity. Purler, Haas, and Rubin, 

293 

Ribonucleic acid(s): Commercial, mono- 
nucleotides, ribonucleinase, effect, 
Zitlle, 527 

Ribonucleinase: Zittle and Reading, 

519 

Zittle, bH 

Blood, determination, manometrio, Zit- 
tle and Reading, 619 

Ribonucleic acids, commercial, mono- 
nucleotide effect, Zittle, 627 

Tissues, determination, raanometric, 
Zittle and Reading, 619 


Sapogenln: Sarsa-, solanidine derivative, 
conversion, Uhle and Jacobs, 243 
Sarsasapogenin: Solanidine derivative, 
conversion, Uhle and J acohs, 243 
Skin: See also Epidennis 
Sodium dodecyl sulfate: Blood serum al- 
bumin mixtures, molecular-kinetics, 
Neurath and Putnam, 397 

Solanidine : Derivative of sarsasapogenin, 
conversion, Uhle and Jacobs, ^ 
Streptococcus faecaiis: -Stimulating fac- 
tor, liberation, enzymatic, Knetics, 
Lemon and Toller, 

Streptomycin: Isolation and ’ 

Carter, Clark, Dickman, Loo, SkeU^ 
and Strong, 

Sugarfs): Blood. Sec Blood sugar 
Determination, reagent. SomgVh 
Sulfanilamide: Acetylation, liver 
tion, Lipmann, 

T 

Thiamine: Anti-, bbiexrinc Z-n-kia'^'^y^ 
rimidine homologue, effect, 

andSouthwick, 

2-7i-Butylpyrimidine homolo^ . 
thiamine effect, Emerson and Soulh^ 

wick, 
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TUtmloe — eontiwed; 

Urine, dctcrmiimtion, tliiochrome 
method, Mickelten, Condiff, ond 
Keys, 301 

Tblochrome ; Urine thiamine determina- 
tion, use, MMeUen, Condiff, and 
Keys, 33* 

ThlonrtcU: Blood serum, determination, 
Christensen, ^25 

ultraHtrability, Christensen, 

425 


Urine— confjnucd: 

Etiocholnn-3(a)-ol-17-one isolation, de- 
hydroisoandrosterone administration 

effect. Mason and Kepler, ^5 

Glycine determination, colorimetric, 
micro, Alexander, Landwehr, and 
Seligman, 

Thiamine determination, thiochrome 
method, MickeUen, Condiff, a^ 

mr OwX 

Ktys, 

V 


Thyrotropic hormone : Pituitary, prepara- 
tion, Ciereszko, 585 

Tijpsin: Chymo-, essential groups. Sizer , 

547 

Tryptophane: Acetyl-, utilization, j 4I- 
haticse, Franicston, and Irby, 31 
Fate, Axelrod, Morgan, and Lepkovsky, 

155 

Pyridoxine deficiency, fate, Aiclrod, 
Morgan, and Lepkovsky, 155 

Tyxocldlne: Chemical groups, free, Chris- 
tensen, 75 

U 

Urea: Formation from ammonium salts, 
liver slices in vitro, caffeine effect 
Bernheim and Bemheim, 249 

Uric acid: Oxidation, enzymatic, Klem- 
perer, 111 

Urine: A‘-Androstene-3(0), 17 (o)-diol 

isolation, dehydroisoandrosterone 
administration effect. Mason and 
Kepler, 255 

Androsterone isolation, dehydroisoan 
drosterone administration effect, Ma 
son and Kepler, 255 

Corticosteroid-like substances, deter 
mination, colorimetric, Talbot, Salts 
man, Wixom, and WnUp. 535 


Veratrine: Alkaloids, Uhle and Jacob^^ 
Jacobs and Craig, 355 

octahydropyrrocoline ring system, 
Uhle and Jacobs, , . 

Veratrum virlde: Alkaloids, Jacobs 

VltaSnTa): B. conjugase, P“er^. 
Mims and Lasl^owskt, 

B, complex, determinations, compari- 
son, Mclnick, Hochberg, Htmes, an^ 

_?on;er8ion to codecarboxy^e py^ 

doxine r61e, Bellamy, Umbreit, o.^ 

-%Tlw,’Melnick, Hochberg, Htmes, 
and OscT, 

c. See also Ascorbic acid 

Slots, 

yeast: Extracts, respimrion stoulation, 

mechanism, Krcl-eond -Sul , 



